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IX, page 1244. 

Roger, John P., Plant Engineer, The Babcock and Wilcox Co., Barberton, Ohio. 
Award: $150. Title of paper: “Welding a Locomotive Boiler.” See Section III, 
page 214. 

Rogers, George B., General Contractor, Lakewood, Ohio. Co-author with Lawrence 
C. Blazey; see above. 

Rossmann, Peter F., Chief of Miscellaneous Developments Research, Research Labora¬ 
tory, Curtiss-Wright Corporation, Airplane Division, Buffalo, N. Y. Joint award: 
$1,500. Title of paper: ”Welding Aircraft Engine Mounts Economically.” See Sec¬ 
tion II, page 111. 

Rutten, Walter, Partner and Factory Superintendent, Railoc Company, Plainfield, Ill. 
Award: $250. Title of paper: “Production Machine for Domed Silo Roofs.” See 
Section IX, page 764. 

Salk, Clifford A., Carman, Great Northern Railway, St. Cloud Shops, St. Cloud, 
Minn., co-author with Ray F. Theisen. Joint award: $250. Title of paper: “Arc 
Welded Conversion of Tenders Into Tank Cars.” See Section III, page 247. 

Saxe, Van Rensselaer P., Consulting Engineer, Baltimore, Md. Award: $700. Title 
of paper: “Welded Airplane Hangar.” See Section V, page 343. 

Scheyer, Emanuel, Assistant Designing Engineer, Designs Division, Board of Trans¬ 
portation, New York, N. Y. Award: $1,500. Title of paper: “Welded Steel Bents 
for Subways.” See Section V, page 470. 

Shefelton, W. E., Production Manager, R. D. Cole Manufacturing Co., Newnan, Ga. 
Award: $500. Title of paper: “Welded Lining of Horizontal Processing Tanks.” 
See Section IX, page 1225. 

Shim kin, B. M., Master Science Civil Engineer and Civil Engineer and Associate 
Bridge Designer Engineer, Bridge Department of State of California, Sacramento, 
Calif. Award: $250. Title of paper: “Trusses for Swing Bridge.” See Section V, 
page 414. 

Simpson, Howard W., Chief Engineer, Detroit Harvester Co., Detroit, Mich. Award: 
$700. Title of paper: “Arc Welding in the Manufacture of Mowers.” See Section 
IX, page 1145. 

Slaght, W. W., Chief Engineer, Cleveland Steel Products Corp., Cleveland, Ohio. 
Award: $250. Title of paper: “Universal Joint Drive Shafts.” See Section I, page 
24. 
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ALPHABETICAL LIST OF AUTHORS (Continued) 


Slygh, Edward J., Campbell-Lowrie-Lautermilcli Corp., Chicago, Ill. Award: $/00. 
Title of paper:‘“T-Beams for Residences.” Sec Section V, page 426. 

Smith, S. Arnold, Chief Engineer, The Whitlock Manufacturing Co., HartionJ, Conn. 
Award: $1,300. Title of paper: “Design and Production of Heat Exchanger*.” See 
Section VIII, page 678. 

Spencer, Eldridge T., Architect, San Francisco, Calif. Award: $1,500. Title of 
paper: “Pipe-Frame Office Chair.” Sec Section VI, page 5 38. 

Squires, Howard, Manufacturing Engineer, Bucvrus-Eric Company, South Milwaukee, 
Wis. Co-author with George W. Mork; sec above. 

Stanley, Richard W., Design Engineer, American Viscose Corp., Maicus Honk, Pa. 
Award: $700. Title of paper: “R edesign of Rayon Processing Machine.” See Sec¬ 
tion IX, page 1211. 

Stone, Herbert, Assistant Works Manager, Markham and Co., Ltd., Ohe-t erfield, 
England. Award: $1,500. Title of paper: “Large Water Turbine Installation*.” See 
Section IX, page 783. 

StORATZ, G. J., Assistant Chief Engineer, The Hcil Co., Milwaukee, Whs. Award: 
$3,700. Title of paper: “High-Speed Dirt Movers.” See Section 1, page 70. 

Streithoff, C. Perry, Structural Division Engineer, Engineering Whales Division, 
Dravo Corporation, Pittsburgh, Pa., Award: $1,700. I itle <»i paper: “\WKh-d Re¬ 
volving Cranes.” See Section IX, page 815. ^ 

THEISEN, Ray F., Welder, Great "Northern Railway, St. Cloud Shops, St. CLm.L Minn. 
Co-author with Clifford A. Salk; see above. 

Townsend. L. W., Vice-President, Composite Steels, Inc., Washington, Pa tmthor 
with T. S. Fitch; see above. 

Trexel, Captain C. A., Director of Planning and Design, Bureau of Yard* and Docks. 
Navy Department, Washington, D. C. Co-author with A. Amirikian: *ee above. 

Unger, A. M., Plant Engineer, Pullman-Standard Car Manufacturing Co, Chicago, 
Ill. Co-author with J. E. Candlin; sec above. 

Versaw, F. F., Shop Superintendent, Gulf Research and Development Com pans*. Pitt*- 
burgh. Pa. Co-author with E. W. Jacobson; see above. 

Wagner, D. F., Chief Engineer, Wentworth & Irwin, Inc., Portland, Ore. Awasd: 
$1,500. Title of paper: “Arc Welding in Bus Construction.” See Section I, page 27. 

Weaver, ElvertON W., Consulting Design Engineer, Tow-motor Co., Cleveland. Ohio. 
Award: $2,700. Title of paper: “Small-Truck i or Loading Freight Car*.” S<-«- Sec¬ 
tion I, page 45. 

Weidner, Victor Paul, Engineer, Western Union Telegraph Company, New York. 
N. Y. Award: $250. Title of paper: “Welded Display Holder for Printed Matter.” 
See Section VI, page 542. 

Whittaker, Lloyd A., Chief Engineer, Thomson National Press Co., Pranking V 
Award: $700. Title of paper: “Arc Welding in Press Machinery, See Section IX, 
page 1232. 

Willis, John F., Engineer of Bridge Design, Connecticut State Highway Department, 
Hartford, Conn. Award: $1,300. Title of paper: “Welded Grade Separatum Struc¬ 
ture.” See Section V, page 376. 

WILLOUGHBY, S. B., Arc W/elder. United Airlines Transport Corporation, Cheyenne, 
Wyo. Co-author with H. A. Lcbcrt; see above. 

Woodard, Joseph H., Co-owner and Plant Manager, Lee L. Woodard Sung Owossu, 
Mich. Award: $1,300. Title of paper: “Wrought Iron Furniture Manufacturing.” 
See Section VI, page 518. 

Wolfe, George F., Chief Plant Engineer, Engineering Works Division, Dravo Cor¬ 
poration, Neville Island, Pittsburgh, Pa. Award $2500. Title of paper: “Straight 
Line Mass Production Methods Speed the Defense Program.” See Section VII, page 
627. 
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The James F. Lincoln 
Arc Welding Foundation 


THE James F. Lincoln Arc Welding Foundation has been widely acknowl- 
edged as an important aid to industry through its contributions to industrial, 
economic and social progress. 

Through its Award Programs, the Foundation has stimulated and is 
stimulating widespread interest in the possibilities of the electric arc welding 
process as applied to industrial manufacture, fabrication, construction and 
maintenance work. 

Valuable information contained in the award papers has been widely 
disseminated to stimulate and intensify the use of the electric arc process. 
Dissemination of this important information is accomplished through publica¬ 
tion of abstracts of papers in literally hundreds of magazines; publication of 
the most outstanding papers in complete form in magazines; and publication 
of the books, “Arc Welding in Design, Manufacture and Construction, 11 
containing 109 of the outstanding papers from the 1937-38 Award Program 
and the present volume “Studies in Arc Welding, 11 containing 98 of the most 
significant award studies in the 1940-42 program. 

The Foundation's first award program was inaugurated early in 1937 and 
terminated with payment of $200,000 in September, 1938. A total of 382 
awards were made ranging from $101,75 to $13,941.33. 

The second study program, the $200,000 Industrial Progress Award 
Program, was sponsored during the period from January 1940 to June 1942. 
It terminated in October 1942 with the payment of $200,000 in 408 awards 
which range from $50 to $13,700. 

By its study programs, the Foundation has called widespread attention 
to the many inherent advantages of arc welding and has stimulated the use 
of this process with pronounced benefits. For example, in the 1940-42 pro¬ 
gram it was shown that a possible annual saving of $1,825,000,000, including 
7,000,000 tons of steel and 153,000,000 man hours of labor, was available by 
utilisation of this modem process. 

The Foundation more recently sponsored a $6,750 Engineering Under¬ 
graduate Award and Scholarship Program to stimulate study of the arc 
welding process by engineering students. This program was announced 
December 1st, 1942 and closed April 1st, 1943. 



THE JAMES F. LINCOLN ARC WELDING FOUNDATION 


Why the Foundation Was Created 

Regarding the creation of The James F. Lincoln Arc Welding Foundation 
in 1936, Mr. J. C. Lincoln, chairman of the board of directors of The Lincoln 
Electric Co., the founder, made the following statement which is quoted 
from the original deed of trust. 

“Since the dawn of recorded time, man has struggled constantly to im¬ 
prove his conditions. Coping with many obstacles, he has developed great- 
skill and ingenuity. Applied through the years, these talents have rewarded 
man with luxuries of which his ancestors never dreamed--the telephone, the 
radio, the automobile, the airplane, the railroad, the steamship, the skyscraper, 
the gigantic bridge—these modern wonders and many others are the products 
of man's skill and ingenuity. 

“Recent years have seen the origin and development of an ingenious 
process which has great economic, social and commercial significance to man¬ 
kind. That process is arc welding. 

“It is, therefore, our belief that by encouraging and stimulating scientitic 
interest in and study of arc welding, still greater benefits will result from 
man's skill and ingenuity. To this end. The Lincoln Electric Co. announces 
that it has created, in honor of its president, 'The James F. Lincoln Arc 
Welding Foundation'." 

The Lincoln Electric Company 

J. C. Lincoln, 

Chairman of the Board of Directors 


Object and Purpose of the Foundation 

“The object and purpose of The James F. Lincoln Arc Welding Founda¬ 
tion is to encourage and stimulate scientific interest in, and scientific study, 
research and education in respect of, the development of the arc welding 
industry through advance in the knowledge of design and practical application 
of the arc welding process, and to provide for the payment of awards, by 
prises, to those persons who by reason of the excellence of their papers upon 
said subject may be selected in the manner herein provided as most worthy 
to receive such awards." 


Trustees and Officers 


Trustees 

E. E. Dreese, Chairman. . ....... . . . , Columbus, Ohio 

W. B. Stewart and H. R. Harris. Cleveland, Ohio 

Secretary 

A. F. Davis... . .Cleveland, Ohio 

Assistant Secretary 

Ed C. Powers.. .Cleveland, Ohio 







The $200,000 Industrial Progress 
Award Program 

The 194042 Progress Program was the second activity of The James F. 
Lincoln Arc Welding Foundation to encourage scientific progress of arc 
welding. It offered 458 awards. 

The following information regarding awards is quoted from the Rules 
and Conditions governing participation in the Program: 

'"The 458 awards are grouped as follows: 

“184 Divisional Awards:—1st, 2nd, 3rd and 4th awards of $700, $500, 
$250 and $150 respectively, in each of 46 Divisions. 

“48 Classificational Awards:—1st, 2nd, 3rd and 4th awards of $3,000, 
$2,000, $1,000 and $800 respectively, in each of 12 Classifications. 

“3 Main Program Awards:—1st, 2nd and 3rd awards of $10,000, $7,500 
and $5,000 respectively. 

“223 Additional Awards for Honorable Mention:—Awards of $100 each 
for 223 papers which do not share in any other award but which, in the 
opinion of the Jury of Award, deserve Honorable Mention. These 223 
awards may be made for papers in any of the Divisions. 

“The 184 Divisional Awards will be determined first. Then, from the 
papers receiving the 1st, 2nd, 3rd and 4th Divisional Awards in each Division 
of a particular Classification, papers will be selected to receive the 1st, 2nd, 
3rd and 4th Classification Awards of the particular Classification, repeating 
the process for each Classification. From the Classificational award papers, 
papers will be selected to receive the 1st, 2nd and 3rd Main Program Awards. 
After the Divisional, Classificational and Main Program Awards have been 
determined, papers will be selected to receive the Honorable Mention Awards. 

“For the paper selected as the best of all papers submitted, a 1st Grand 
Award of $13,700 will be made, composed of $700 as 1st Divisional Award, 
$3,000 as a 1st Classificational Award and $10,000 as 1st Main Program 
Award. 


Subject Matter of Papers in the $200,000 Industrial 
Progress Award Program 

The following definitions of subject matter for papers in the Progress 
Program are quoted from the Rules and Conditions of the Foundation gow 
erning participation: 

“Papers are to be on the subject, progress made by application of arc 
welding between January 1st, 1940, and June 1st , 1942. The paper shall cover 
progress on but one of the following points: 



INDUSTRIAL PROGRESS AWARD PROGRAM 


“ (a) Redesign and manufacture or construction of an existing machine, 
structure, building, manufactured or fabricated product of ferrous or non- 
ferrous metals, within the limits of the rules hereinafter prescribed, which 
was previously made in some other way and redesigned so that arc welding 
may be applied, in whole or in part, to its manufacture, fabrication or 
construction. 

“ (b) New design and manufacture or construction of a machine, structure, 
building, manufactured or fabricated product of ferrous or non ferrous metals, 
within the limits of the rules hereinafter prescribed, which was not previously 
made but which has been designed in whole or in part ior the use of arc 
welding, the description to show how a uselul result, which was impractical 
with other methods of construction, or could be better done by arc welding, 
is accomplished. 

“(c) Organising, developing and conducting a welding service. The 
welding service to be described in the papers may be conducted by Commer¬ 
cial Welders or Job Shops (GT), Garages or Service Stations (G-2), Com¬ 
mercial Welderies (IT), or Plant Wclderies (IT). 

“(d) Developing, planning and performing maintenance or repair work 
with arc welding. The maintenance or repair work to be described in the 
papers may be Plant and Construction machinery and mechanical equipment 
of all kinds; also mobile equipment such as fleets of trucks, buses and taxicabs 
(LT) ; or Structures and other structural applications of arc welding in main¬ 
tenance (LT), such as pipe lines, railroad tracks, bridge strengthening, and 
other such work, not covered under L-1. 

“Note that the machine, structure, building, manufactured or fabricated 
product under (a) or (b) may be designed either in whole or in part for the 
use of arc welding. 

“To qualify as to subject matter, the welding service as in (c) and the 
maintenance work as in (d), within the period January 1, 1940, to June 1, 
1942, must have been either: 

(1), planned and put into practice within the period; 

or (2), put into practice within the period as result ot plans made 
prior to the period. 

Papers of otherwise equal merit will he preferentially rated in the above order. 


Requirements As to Submission of Papers 

T. Paper shall be submitted in two copies, one signed, the other unsigned. 
'2. Each copy shall be enclosed in a separate sealed envelope. 

“3. The Signed Copy: —The signed copy shall have the following infor¬ 
mation written on the cover or title page and on the outside of the en¬ 
velope in which it is enclosed: 

Name, address and signature of the author, or authors. 

Name and address of company with which author is connected. 
Relationship between the author, or authors, and the company or concern. 
Classification of the paper,*as for example AT, 0-4, J-6, K-7, LT, etc., 
depending upon the nature of the subject matter. 

Name of individual or individuals to whom award check is to be made 
payable, and address of individual to whom it is to be mailed, if award is 
made for the paper. 
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INDUSTRIAL PROGRESS AWARD PROGRAM 

A statement that data on the three Factors of Judgment are given in the 
paper. 

A statement that cost data are given. 

A statement that the work treated in the paper was carried on within 
the period—January 1st, 1940 to June 1st, 1942. 

If paper may not be published, a statement to that effect. 

If product, structure, or work used as subject is patented, a statement to 
that effect giving the full name and address of the person, or persons, 
from whom information regarding the patent is to be obtained. 

“4. The Unsigned Copy: —The unsigned copy shall have the following 
information written on the cover sheet and on the outside of the envelope 
in which it is enclosed: 

Classification of the paper, as AT, C-4, J-6, etc. 

Note: On this unsigned copy of the paper and envelope no name or 
data other than classification are to be given. 

“5. The two separate sealed envelopes, one containing the signed and the 
other the unsigned copy of the paper, are to be placed together in a large 
envelope, postage prepaid, and addressed: "Secretary, The James F. 
Lincoln Arc Welding Foundation, P. O. Box 5728, Cleveland, Ohio,’ 
and mailed, postmarked not later than midnight June 1st, 1942, and 
received in Cleveland not later than midnight July 1st, 1942. 

Upon receipt thereof in Cleveland, the sender will be notified by mail. 

“Confidential Handling of Papers —When received by the Secretary, the 
envelope in which both copies of the paper arc enclosed will be opened and 
immediately the same identifying number will be given to the envelope con¬ 
taining the signed paper and the envelope containing the unsigned paper. 
The envelope containing the signed paper will be retained by the Secretary 
unopened and confidential. The envelope containing the unsigned paper, with 
the number identifying the author, and the classification and division for 
which the paper is entered, will be delivered, unopened, to the Jury of Award, 
with other contesting papers, at the close of the Program. 

""The object will be to keep each paper confidential, without disclosure, 
until the Jury of Award considers the identified but unsigned paper. When 
the award papers arc selected by the Jury of Award, proper certificate thereof 
will be made to the Foundation and then each award paper will be identified 
with its original paper on file with the. Secretary/’ 

Only papers contained in envelopes postmarked not later than June 1, 
1942, and received in Cleveland not later than July 1 , 1942, were accepted. 

By letter of July 28, 1942, the Jury of Award of The James F. Lincoln 
Arc Welding Foundation certified to the Secretary its decisions concerning 
papers submitted in the Progress Program. The certification of papers, (See 
page xxv), was by number in accordance with the Rules of Award. 

LJpon receipt of the Jury’s report, the Secretary and Assistant Secretary 
of the Foundation, identified the authors of the award-winning papers by 
reference to the various records. 


xxv 



Industrial Classifications and Subject Divisions 
of the $200,000 Progress Program 

The Progress Program was divided into 12 industrial classification- cov¬ 
ering 46 subject divisions as given below: 


Industrial 

Classification 


AUTOMOTIVE 


B 

AIRCRAFT 


C 

RAILROAD 


D 

WATERCRAFT 


STRUCTURAL 


FURNITURE and 
FIXTURES 


G 

COMMERCIAL 

WELDING 


H 

CONTAINERS 


I 

WELDERIES 


Subject 

Divisions 

A-l Engines 
A-2 Bodies 
A'3 Frames 
A-4 Trailers 


B-l Engines 
B-2 Fuselages 


C-l Locomotives 
C-2 Freight Cars 
C-3 Passenger Cars 
C-4 Locomotive and 
Car Parts 


D-l Commercial and 
Naval 

D-2 Pleasure 


E-l Buildings and 
Similar Struc- 
tures 

E-2 Bridges 
E-3 Houses 
E-4 Miscellaneous 


F-1 House 
F-2 Office 


G-l Commercial 

Welders or Job 
Shops 

G-2 Garages or 
Service 


H-l Contents Sta- 
tionary (tanks, 
etc.) 

H-2 Contents Mov- 
ing (pipe lines, 
etc.) 


IT Commercial 
Welderies 

I'2 Plant Welderies 


Industri.il 

Classification 


FUNCTIONAL 

MACHINERY 


K 

INDUSTRY 

MACHINERY 


MAINTENANCE 


I )ivisions 

1 Metal Cutting 

2 Metal Forming 

3 Electrical 

*1 Prime Movers 
? Conveying 
6 Pumps and 
(Compressors 
2 Business 
N Funetmnal 
Machinery nut 
otherwise classic 
fied 

9 Jigs and Fixtures 
10 Parts of Func¬ 
tional Machin- 
erv 

- 1 Processing 
' 2 Construction 
' 3 Petroleum 
' 4 Steel Making 
' ^ Farming 
' 6 Household 
7 Food Making 
S Textile and 

Clothing 
9 Printing 
19 Industry Ma¬ 
chinery not 
ot herwiM* 
classified 

L-l Plant and Coii- 
.s t r u c t i o n in t * 
ehinery and me- 
ch a n i ea 1 eqtn m 
ni nit of ail 
kinds; also mo¬ 
bile equipment 
•such as fleets of 
trucks, buses and 
taxicabs. 

L 2 Structures and 
other applica¬ 
tions of are weld¬ 
ing in mainte¬ 
nance such as 
pipe lines, rail¬ 
road tracks, 
bridge strength¬ 
ening, etc,, not 
covered under 
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Certification of Papers for Award 

The following is a copy of the Jury of Award's certification announcing 
the numbers of the papers selected to receive awards in the $200,000 Indus¬ 
trial Progress Award Program: 

First Grand Award—Paper No. 515—• 

"Welded Caissons for Naval Dry Docks"; 

Second Grand Award—Paper No. 223— 

"Redesigned 40 MM. Anti-Aircraft Gun Carriage"; 

Third Grand Award—Paper No. 100— 

"Arc Welding Builds Higher Efficiency Mercury Arc Rectifiers". 


Of the 

Class A Awards, the following awards are 

made: 



1st 

2nd 

3rd 

4th 


648 

427 

415 

700 

Of the 

A sub-class Awards, the 

following awards 

are made: 



1st 

2nd 

3rd 

4th 

A'l 

652 

334 

420 

46 

A-2 

700 

706 

440 

180 

A-3 

427 

415 

526 

304 

A'4 

648 

218 

293 

272 


and Honorable Mention Awards as follows: 


A'l 

116 





A-2 

102 

378 

245 

496 

448 

A-3 

566 

372 




A'4 

705 

474 

593 




Of the Class B Awards, the following awards are made: 

1st 2nd 3rd 4th 

708 730 558 469 


Of the B sub-class Awards, the following awards are made: 



1st 

2nd 

3rd 

4th 

B-l 

469 

424 

653 

247 

B-2 

70S 

730 

558 

513 


and Honorable Mention to the following: 
B-l None 

B-2 518 


Of the Class C Awards, the following awards are made: 



1st 

2nd 

3rd 

4th 


153 

173 

570 

550 

Of the C sub-class Awards, the following awards are 

made: 



1st 

2nd 

3rd 

4th 

C'l 

570 

37 

332 

82 

C'2 

173 

225 

92 

30 

C'3 

153 

550 

260 

638 

C'4 

226 

335 

294 

312 
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CERTIFICATION OF PAPERS FOR A Jr A RD 


Honorable Mention (Continued ) 


J'8 


494 

35 


262 


600 

70 



666 

261 


143 


172 

400 

J'9 


622 

449 


624 


63 3 

126 



565 

205 


660 


3 5 6 

137 



79 







J'10 


308 

736 


491 


2 12 

621 


1 

5 

466 


423 


91 

482 

Of the Class K Award 

s, the following awa 

rds a 

re made: 





1st 


2nd 


3rd 


4th 



223 


185 


5 39 


532 

Of the K sub-class Awards, the following awards 

re made 





1st 


2nd 


3 rd 


4th 

KA 


539 


373 


405 


5 69 

Kd 


532 


187 


2 5 9 


99 

K-3 


561 


426 


o 


527 

K-4 


185 


347 


105 


459 

K-5 


154 


413 


5() 


66 

K-6 


551 


650 


159 


64 

K-7 


288 


150 


72 3 


5 16 

K-8 


543 


655 


16 


220 

K>9 


5 64 


282 


5 62 


5 14 

KAO 


223 


217 


454 


291 

and Honorable 

Mention 

to the foil 

owing: 





KA 

189 

307 

511 

98 


528 

525 

5 38 


149 

200 

336 



248 

331 

103 

K-2 

93 

266 

340 






K-3 

321 

677 







K-4 

10 

279 

442 






K-5 

487 

559 

572 

523 





K-6 

395 








K'7 

65 

695 







K'8 

None 








K'9 

375 








KAO 

287 

402 

573 

44 


379 

541 

349 

Of the 

: Class L 

Awards, 

the following award 

s are 

made: 





1st 


2nd 


3rd 


4th 



531 


419 


649 


267 

Of the 

L sub-class Awards, the following awards 

are made: 





1st 


2nd 


3rd 


4th 

LA 


419 


267 


658 


5 34 

LA 


531 


649 


416 


112 

and Honorable 

Mention 

to the following: 





LA 

94 

122 

689 

542 


473 

615 

34 


354 

687 

68 

460 


453 

342 

53 


616 

341 

563 

495 


351 

656 

661 


711 

552 

219 

12 


444 

450 

1 


7 

230 

465 

179 


688 

151 

LA 

414 

571 

333 

36 


480 

214 

62 


360 

237 

285 

134 


370 

269 


xxx 



Jury of Award 

Chairman 

Dreese, E. E., Head of Department of Electrical Engineering, 
The Ohio State University 

Jurors 


Ahlquist, R. V/., Assistant Profes¬ 
sor of Electrical Engineering, Iowa 
State College 

Andersen, Paul, Associate Profes¬ 
sor of Structural Engineering, 
University of Minnesota 

Butts, Allison, Professor of Elec¬ 
tro-metallurgy, Lehigh University 

Dowdell, R. L., Professor of Metal¬ 
lography, University of Minnesota 

Dukes, R. G., Professor Emeritus of 
Applied Mechanics, Purdue Uni¬ 
versity 

Dwight, H. B. Professor of Electrical 
Machinery, Massachusetts Insti¬ 
tute of Technology 

Holtby, Fulton, Assistant Profes¬ 
sor, Mechanical Engineering De¬ 
partment, University of Minnesota 

Hughes, T. P., Assistant Professor of 
Mechanical Engineering and As¬ 
sistant Superintendent of Shops in 


Mechanical Engineering, Univer¬ 
sity of Minnesota 

Koepke, C. A., Professor of Indus¬ 
trial Engineering, University of 
Minnesota 

Macconochie, Arthur F., Professor 
of Mechanical Engineering, Uni¬ 
versity of Virginia 

Morris, Clyde T., Professor of Civil 
Engineering, Ohio State Univer¬ 
sity 

Muckenhirn, O. W., Instructor in 
Electrical Engineering, University 
of Minnesota 

Taylor, Jacob B., Professor and 
Head of Accounting, Ohio State 
University 

Van Hagan, L. F., Professor, Chair¬ 
man of the Department of Civil 
Engineering, University of Wis¬ 
consin 

Wright, Chilton A., Professor of 
Hydraulic and Sanitary Engineer¬ 
ing, Polytechnic Institute 


In addition to the above Jurors, experts or outstanding authorities in the various 
classifications covered by the Program were consulted as needed in order to properly 
appraise the merits of the papers. 
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Studies in Arc Welding 

DESIGN, MANUFACTURE 
AND CONSTRUCTION 


Section I 
Automotive 


Chapter 1—Low-Cost Grading and Hauling 

By John F. Dillon, Jr., 

'Welding Engineer, LeTourneau Company of Georgia, Toccoa, Georgia. 



Subject Matter: Construction by welding of a twin-Diesebmotored 
tractor, (400 horsepower), and scraper combination. Capacity 
of scraper is 60 yards and on a job moved clay for cents per 
yard, A shovel and trucks cost 13 cents per cubic yard for same 
job. Aside from the motors and a few small parts, the unit was 
completely welded, including frame mounting for motors, fuel 
tanks, gears and gear case, transmission, oil pans and fuel and 
exhaust lines. The sequence of operations is thoroughly described. 
The cost of welded construction is much less than other methods. 
Considerable saving is made in weight. 


John F. Dillon, Jr. 


A new 60-yard scraper had been built, but it was found that the single- 
motored tractor used in testing it did not have sufficient horsepower to give 
the scraper capacity operation. An idea was conceived to fabricate a twin- 
motored tractor that would develop 400 horsepower. It was decided to use 
two Diesel engines for the motive power, and connect them to the specially 
designed transmission by fluid drive. The transmission clutches, steering 
clutches, and power control unit were to be air-operated, but the reverse 
control was to be manually operated. Weeks of engineering, material prepa¬ 
ration, arc welding, machining, and assembly were required for the first 
experimental model. A progressive discussion will be made on the fabrica¬ 
tion of this tractor, followed by a cost per yard analysis of the tractor and 
scraper combination as compared with that of truck and shovel. 

I. Main case sub-structure —The parts for this structure were torch'cut 
from special alloy, mild steel. The outside side plates were pre-heated to 
1200 °F and die-pressed to shape. Whenever possible, bearing blocks and 
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their bosses were welded as substructures before being set'up as part of the 
main substructures. 

The structure was set up bottomside up on a special jig, (Sec Fig. 1) } 
with an allowance of ]/q inch for shrinkage in the following manner: 

Sequence of Operations 

1 . Position and tack weld top rim parts together. 2 . Position and trim right and left 
side plate structures. 3. Position and clamp right and left bearing block plates and cen¬ 
ter partition. 4. Start shaft through right side plate. 5. Position hushing on shaft for 
right side plate. 6 . Move shaft and position bushings for right inside plate and bearing 
block plate. 7. Move shaft and position bushing for center main partition plate. 8 . 
Move shaft and position bushings for left bearing block plate and inside plate, 9. Move 
shaft and position bushing for left side plate. 10. Position, align and clamp right inside 
plate. 11 . Align and clamp front right side partition structure. 12 . Align and damp 
center partition structure. 13. Align and clamp front left side partition structure. 14. 
Position, align and clamp left inside plate structure. I?. Position, align 
plate. 16. Position and tack weld gussets between right inside plate and tight side 



Fig. 1, (left). Structure bottom side up on special jig. Fig. 2, (right). Tack welding cross 

braces to structure- 

don plate. 17. Position and tack weld gussets between left inside plate and left side 
partition plate. 18. Check for alignment. 19. Tack weld parts together, d). Position 
and clamp rear plate. 21 . Align and tack weld rear plate to other parts. 22 . Position, 
clamp and tack weld right spiral pinion front bearing block. 23. Position, damp and 
tack weld right spiral pinion rear bearing block. 24. Position and lock tie plate. 27. 
Position, clamp and tack weld left spiral pinion front bearing block, 26. Position, clamp 
and tack weld left spiral pinion and take-olf shaft bearing block. 27. Position and tack 
weld tie plate. 28. Position, clamp and tack weld right steering clutch shaft side bearing 
block. 29. Position, clamp and tack weld left steering dutch shaft side bearing block. 
30. Position and tack weld channel to parts. 31. Position and task weld angle to parts. 
32. Position, clamp and tack weld support plates to right and left steering clutch bearing 
block. 33. Position, align and tack weld right and left side plates. 34 , Position, damp and 
tack weld right pinion bearing block. 3 5. Position and tack weld sections of right side 
plate. 36. Position, clamp and tack weld left pinion bearing block. 37. Position and 
tack weld section of left side plate. 38. Drag bead parts together using I /4 inch electrode 
at 300 amperes. 39. Loosen clamps. 40. Position and tack weld top plate to structure. 
41. Position and damp rear plate. 42. Position and tack weld right and left side plates 
to structure. 43. Drag bead parts together. 44. Position, tack weld and drag head bottom 
plate to structure. 47. Position, tack weld and drag bead main gear compartment bottom 
plates. 46, Position and tack weld hitch bottom with gussets. 47. Torch cut hole in 
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side plates. 48. Position and tack weld rings in holes. 49. Remove and raise structure 
to floor. 

After the main case was removed from the set up jig, it was positioned 
on the floor for welding. Cross-braces were tack welded to the inside of the 
structure, (See Fig. 2), to help hold the warpage to a minimum. The struc- 
ture was turned to a number of positions in order to make as many of the 
welds as possible in the flat, high-speed position. While the structure was in 
each position, additional drag beads were deposited to keep the structure 
from distorting. Several parts were positioned, tacked and welded during the 
fabrication of the structure due to the fact that welds would have been elimi¬ 
nated had these parts been set-up as part of the original structure. The struc¬ 
ture was welded in eighty (80) man-hours by using l/ 4 -inch electrodes at 300 
amperes and % G -inch electrodes at 400 amperes. All straight “tee'” or “fillet” 
type welds were made in the flat position and the circular “tee” or “fillet” 
type welds were made in the horizontal or fillet position. 

After the structure was completely welded, the crossbraces were removed, 
and it was found that very little distortion had taken place. The structure 
was welded in the following manner: 

Sequence of Welding 

l.Weld right and left side plates to bottom plate. 2. Weld main case rear plate to 
bottom plate. 3. Weld right and left side plate sections to bottom plate. 4. Remove 
structure from jig; position on floor—bottom side up. 5. Tilt structure at 45°—left 
side up. 6. Weld right inside plate to bottom plate (outside). 7. Weld left side of 
hitch block to bottom plate. 8. Weld left side of left hitch gusset to bottom plate. 9. 
Weld left side of center and right hitch gussets to bottom plate. 10. Weld (inside) 
rim to right side plate. 11. Weld (outside) rim to left side plate. 12. Turn structure 
to 45° tilt—right side up. 13. Weld left inside plate to bottom plate (outside). 14. Weld 
right side of hitch block to bottom plate. 15. Weld right side of right hitch gusset to 



Fig. 3. Special boring jig for machining hard-to-reach places. 
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bottom plate. 16. Weld right side of center and left hitch gussets to bottom plate. 
17. Weld (inside) rim to left side plate. 18. Weld (outside) rim to right side plate. 
19. Turn structure to 45° tilt—rear side up. 20. Weld rear plate to bottom plate 
(outside). 21. Weld ends of main gear compartment bottom plates to bottom plate. 
22. Weld bottom tie plate to right rear bearing block and front plate. 23. Weld rim 
(inside) to front plate. 24. Turn structure 45°—-structure upright with rear plate up. 
25. Position and tack weld front channel parts to front plate. 26. Weld upright channel 
parts to long channel. 27. Weld upright channels to partition plates. 28. Weld bottom 
of long channel to front plate. 29. \Veld pinion gussets to right and lelt side plates. 
30. Turn structure to 45° tilt-—front side up. 31. Weld front plate to bottom plate 
and main gear compartment bottom plates. 32. Weld rim (inside) to main rear plate. 
33. Weld rim (inside) to side parts of main rear plate. 34. Weld rim (outside) to 
front plate. 3 5. Turn structure 45°—front plate up. 36. Drag head parts together. 37. 
Weld section of right and left side plate rim parts together. 38. Weld front plate to 
right and left side plates. 39. Weld front of hitch block to bottom plate. 40. Weld 
front side of bottom gussets to right and left pinion blocks. 41. Turn structure 90°— 
top of structure up. 42. Torch cut PCU rear plate. 43. Weld rim parts together. 44. 
Weld right and left front partition gussets to angle. 45. Weld rear plate U» hack section 
of rim. 46. Weld rear plate side sections to bottom plate (inside). 47. Raise structure 
on right side. 48. Drag bead parts to bottom plate. 49. Tilt structure 45 r '. 

50. Weld left side plate sections together. 51. Weld left side plate section to rear 
plate. 52. Weld left side plate to rear plate. 5 3. Weld right side plate (inside) to main 
rear plate. 54. Weld gusset to left pinion bearing block. 55. Weld gusset to left front 
partition structure. 56. Weld left front partition to front plate. 57. Weld tie plate to 
left front spiral pinion blocks. 58. Weld left spiral pinion tie plate to fri-nt plate. 
59. Weld left and center front upright channels to front plate. 60. Weld center partition 
to front plate. 61. Weld side of channel to center partition. 62. Weld tie plate to 
right rear spiral pinion block and front plate. 63. Weld front and rear spiral pinion 
x blocks to right and front partition. 64. Weld right front upright channels to front 
ilate. 65. Weld side of channel to right front partition. 66. Weld gussets to right inside 
•late. 67. Weld side of channel to right inside plate. 68. Weld right side plate (inside) 
56 front plate. 69. Weld front long channel to right side plate. 70. Weld right pinion 
block gusset to right side plate. 71. Tilt structure to 45°—front plate up. 7 2. Weld 
(inside) right side plate to rear plate. 73. Weld gusset to left pinion block. 74. Weld left 
inside plate to rear plate. 75. Weld left steering clutch hearing block to rear plate. 
76. Weld center partition to rear plate. 77. Weld right inside plate to rear plate. 
78. Weld right side plate section to rear plate (inside). 79. Weld pinion block gusset 
to right side plate. 80. Weld front gusset to left inside plate. 81. Weld gussets to left 
front partition plate. 82. Weld side of channel to left front partition plate. 83. Weld 
left front and rear spiral pinion blocks to tic plates. 84. Weld side of channel to center 
partition. 85. Weld right front and rear spiral pinion blocks to right partition, 86. Weld 
side of channel to right front partition plate. 87. Weld gussets to right inside plate. 
88. Weld side of channel to right inside plate. 89. Weld bottom pinion block gusset to 
right side plate. 90. Turn structure hack 45°—structure upright with left side \jp. 91. 
Weld (outside) left side plate to main gear compartment bottom plate. 92. Weld gussets 
to hitch block. 93. Weld (outside) right inside plate to main gear compartment bottom 
plate. 94. Weld (outside) ring to left side plate. 95. Weld (outside) left side plate to 
top and bottom plates. 96. Weld (inside) ring to right side plate. 97. Weld (inside) 
right side plate to top and bottom plates. 98. Weld (inside) left inside plate to main 
gear compartment bottom plate. 99. Weld angle to side of left front partition plate. 

100. Weld lip of left and center upright channel. 101. Weld side of left and center 
upright channels to long channel and side of left front and center partition plates. 
102. Weld angle to left steering clutch hearing block; center partition, right steering 
clutch bearing block, right front partition and right inside plate, 103. Weld bottom 
spiral pinion to plate to left tic plate and to right partition plate. 104. Weld side of right 
upright channel to right front partition and long channel. 105. Weld right side plate 
(inside) to right main gear compartment bottom plate. 106. Weld sides of long channel 
to right side plate. 107. Weld bottom side of right pinion block to right side plate. 
108. Weld bottom gusset to right pinion block. 109. Weld right pinion block to right 
side plate. 110. Torch cut, hole; position, tack weld and weld pipe to right and left 
steering clutch block supports. 111. Tilt structure 45 bottom of structure going down. 
112. Weld left inside plate to bottom plate and end of channel. 113. Wold left front 
partition to bottom plate. 114. Weld channel to side of left front partition, 115. Weld 
left spiral pinion blocks to top of left front partition. 116. Weld side of left steering 
clutch block to bottom plate. 117. Weld left support plate to side left steering clutch 
block. 118. Weld side of center partition to bottom plate. 119. Weld channel to side 
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of center partition plate. 120. Weld side of right steering clutch block to bottom plate. 
121. Weld left support plate to side of right steering clutch block. 122. Weld side of 
right front partition plate to bottom plate. 123. Weld channel to side of right front 
partition plate. 124. Weld top of right pinion bearing block to side plate. 125. Weld 
right inside plate to bottom plate. 126. Raise structure on left side—right side up. 
127. Drag bead parts to bottom plate. 128. Tilt structure 45°. 129. Weld right side 
plate sections together. 130. Weld right side plate section to rear plate. 131. Weld 
right side plate to rear plate. 132. Weld left side plate (inside) to main rear plate. 
13 3. Weld gusset to right pinion bearing block. 134. Weld gusset to right front partition 
structure. 13 5. Weld right front partition to front plate. 136. Weld tie plate to right 
front spiral pinion block. 137. Weld right spiral pinion tie plate to front plate. 138. 
Weld right and center front upright channels to front plate. 139. Weld center partition 



Fig. 4. Mill used for bulk of boring. 

to front plate. 140. Weld side of channel to center partition. 141. Weld tie plate to left 
rear spiral pinion block and front plate. 142. Weld front and rear spiral pinion blocks 
to left front partition. 143. Weld left front partition to front plate. 144. Weld left 
front upright channels to front plate. 145. Weld side of channel to left front partition. 
146. Weld gussets to left inside plate. 147. Weld side of channel to left inside plate. 
148. Weld left side plate (inside) to front plate. 149. Weld front long channel to left 
side plate. 

150. Weld left pinion block gusset to left side plate. 151. Tilt structure to 45°~— 
front plate up. 152. Weld (inside) left side plate to rear plate. 15 3. Weld gusset to 
right pinion block. 154. Weld right inside plate to rear plate. 155. Weld right steering 
clutch bearing block to rear plate. 156. Weld center partition to rear plate. 157. Weld 
left inside plate to rear plate. 158. Weld left side plate section to rear plate (inside). 
159. Weld pinion block gusset to left side plate. 160. Weld front gusset.to right inside 
plate. 161. Weld gussets to right front partition plate. 162. Weld side of channel to 
right front partition plate. 163. Weld right front and rear spiral pinion blocks to tie 
plate. 164. Weld side of channel to center partition plate. 165. Weld left front and rear 
spiral pinion blocks to left partition plate. 166. Weld side of channel to left front 
partition plate. 167. Weld gussets to left inside plate. 168. Weld side of channel to left 
inside plate. 169. Weld bottom pinion block gusset to left side plate. 170. Turn 
structure back 45° structure upright with right side up. 171. Weld (outside) right side 
plate to main gear compartment bottom plate. 172. Weld gussets to hitch block. 
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173. Weld (outside) left inside plate to main gear compartment bottom plate. 174. 
Weld (outside) ring to right side plate. 175. Weld (outside) right side plate to 
top and bottom plates. 176. Weld (inside) ring to left side plate. 177. Weld (inside) 
left side plate to top and bottom plates. 178. Weld (inside) right inside plate to main 
gear compartment bottom plate. 179. Weld angle to side of right front partition plate. 
180. Weld lip of right center upright channel. 181. Weld side of right and center 
upright channels to long channel and side of right front and center partition plates. 
182. Weld angle to right steering clutch bearing block, center paititnm, left steering 
clutch bearing block, left front partition and left inside plate. 183. Weld side of left 
upright channel to left front partition and long channel. 184. Weld left side plate 
(inside) to left main gear compartment bottom plate. 185. Weld sides of long channel 
to left side plate. 186. We'd bottom gusset to left pinion block. 187. Weld bottom side 
of left pinion block to left side plate. 18S. Weld left pinion block to left side plate. 
189. Weld pipe to right and left steering clutch supports. 190. Tilt structure 45°-— 
bottom of structure going down. 191. Weld right inside plate to bottom plate and end 
of channel. 192. Weld right front partition to bottom plate. 193. Weld channel to 
side of right front partition. 194. Weld right spiral pinion blocks to top of right front 
partition. 195. Weld side of right steering clutch block to bottom plate. 196. Weld 
right support plate to side of right steering clutch block. 197. Weld side of center 
partition to bottom plate. 198. Weld channel to side of center partition plate. 199. Weld 
side of left steering clutch block to bottom plate. 

200. Weld right support plate to side of left steering clutch block. 201. Weld side of 
left front partition plate to bottom plate. 202. Weld channel to side of left front parti' 
tion plate. 203. Weld top of left pinion bearing block to side plate. 204. Weld left 
inside plate to bottom plate. 205. Turn structure at 45° tilt—rear side up. 206. Weld 
rear plate to top plate. 207. Weld top plate to rim. 208. Weld side plates to top plate. 
209. Weld (inside) bottom plate to main rear plate. 210. Weld rear side of angle to 
bottom plate. 211. Weld rear end of right and left front partition platen to angle. 
212. Weld left side of channel to bottom plate. 213. Weld left and r ; ghr m.-mie plate 
gusset to top of channel. 214. Weld right front spiral pinion block to bottom tic plate. 
215. Weld rear side of left rear spiral opinion block to bottom plate. 216. Weld bottom 
plate to front plate (inside). 217. Weld right and left main gear compartment bottom 
plate to front plate (inside). 218. Weld top of front long channel to front plate. 219. 
Weld top of all partition plates to front plate. 220. Turn structure to 45° tilt—front 
up. 221. Weld right front and rear spiral pinion blocks to bottom tie plate. 222. Weld 
front side of channel to bottom plate. 223. Weld front side of right and left inside plate 
gussets to top of channel. 224. Weld front side of angle to bottom plate. 2 25. Weld 
front end of right and left steering clutch bearing blocks to angle. 226. Weld front 
side of right and left inside plate gusset to angle. 227. Weld main rear plate to bottom 
plate (inside). 228. Weld right and left main gear compartment bottom plate to bottom 
plate. 229, Weld top of all partition plates to rear plate. 230. Turn structure ■ top up. 

231. Position, tack weld and weld 3 sides of right and left top bearing block gussets. 

232. Position and tack weld upper hitch reenforcing plates. 233. Weld front upper hitch 
reenforcing plate to bottom plate and top of center partition. 2 34, Weld structure on 
right side—structure upright. 235. Weld upper hitch reenforcing plates together. 
236. Weld left upper hitch side plate to rim and bottom plate. 237. Turn structure 180° 
—left side up—structure upright. 238. Weld tipper hitch reenforcing plates together. 
239. Weld right upper hitch side plate to rim and bottom plate, 240. Aside structure. 

The case was then taken to the furnace to be annealed. It was heated 
to 200° F and allowed to cool slowly for twenty-four hours. The case was 
then sent to the cleaning department where it was sand blasted to remove the 
scale and dirt from it. After this, the structure was sent to the machine shop 
to be faced, bored, drilled and tapped. 

A special, boring jig, (See Fig. 3), was required for machining places that 
the regular boring mill could not reach. This machining operation required 
seventy (70) man hours. The balance of the boring was done in an addi¬ 
tional forty-eight (48) hours on the regular mill, (See Fig. 4). It was then 
removed to the drill where it was completely drilled and tapped in seventy- 
two (72) hours. 

The case was transported to the assembly lirie for further operations. 
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Fig. 5. Structure ready for assembly. 

II, Motor Frame Structure—This structure has a three-fold purpose— 
firstly, the right and left tanks are fuel tanks with 15 5-gallon capacity; 
secondly, the crossbeam and center beam serve as air storage tanks; thirdly, 
the group when welded together serve as beam supports for the two, 200 
horsepower Diesel engines. The tanks act as cantilever beams and therefore 
were welded rather securely by welding the ends of the right and left fuel 
tanks and the center air tank to the main case. 

Before setting up and welding the motor frame structure, the four tanks 
were set up and welded as sub-structures. The following routine and weld- 
ing specifications apply to the left fuel tank. 

Sequence of Operations 

1. Butt all inside surfaces of parts. 2. Position left side tank plate on table. 3. Posi¬ 
tion, tack weld and weld baffle plates (side) to outside plates (stagger welds). 4. Weld 
top end of baffles to top part of side plate. 5. Position and tack weld right side tank 
plate. 6. Turn structure 90°—top side up. 7. Weld bottom end of baffles to bottom 
part of side plate. 8. Turn structure 90°—left side up. 9. Weld side of baffles to right 
side plate. 10. Torch cut all holes for pipe sleeves. 11. Position, tack weld and weld 
pipe fittings to tank. 12. Position, tack weld and weld pipe fitting guard to bottom of 
tank. 13. Position tank upright. 14. Weld seam of top plate. 15. Weld both end 
plates to bottom plate. 16. Turn structure 90°—left side up. 17. Weld both end plates 
to right side plate. 18. Turn structure 90°—bottom up. 19. Weld both end plates to 
top plate. 20. Turn structure 90°—right side up. 21. Weld both end plates to left 
side plate. 22. Raise structure (top up) to 45° tilt. 23. Weld edge of right side plate 
to top plate. 24. Raise front part of structure until top plate edge is level. 25. Weld 
rest of right side plate to top plate. 26. Turn structure 180°—bottom plate edge 
level. 27. Weld left side plate to bottom plate. 28. Aside structure. 

A very similar procedure is followed in fabricating the right fuel tank. 
Inside, at the center of both fuel tanks, a baffle plate was welded in. This 
plate also acts as a web plate to reduce the diaphragming action of the side;’ 
plates. 

The crossbeam structure, in addition to serving as an air tank, also forms ' 
a base for the support of the radiators. The set-up and welding procedure 
with its welding specifications is as follows: 

Sequence of Operations 

I. Set Up—1. Position bottom plate on set up table. 2. Position spacer; position 
top plate. 3. Position front plate. 4. Tack weld parts together. 5. Remove spacer; a side 
structure. 













10 


STUDIES IN ARC WELDING 


II. Weld—1. Position structure on front plate at 45° tilt. 2. Weld top plate to rear 
plate. 3. Weld top plate to front plate. 4. Turn structure over. 5. Weld (complete) 
bottom plate to front plate. 6. Turn structure over. 7. Weld (fill in skips) top plate 
to rear plate. 8. Weld (fill in skips) top plate to front plate. 9. Position structure flat; 
drill holes in top plate. 10. Turn structure over; drill holes in bottom plate. 11. Position 
tack weld and weld ends of stay bolts to bottom plate. 12. Turn structure over; weld 
ends of stay bolts to top plate. 13. Torch cut hole; tack weld and weld coupling 
in top plate. 14. Position structure on front plate. 15. Torch cut holes in rear plate. 
16. Position, tack weld and weld couplings to rear plate. 17. Drill and top hole in 
bottom plate. 18. Clean track out of structure. 19. Position and tack weld end plates. 
20. Weld end plates to front plate. 21. Turn structure 90°; weld end plates to bottom 
plate. 22. Turn structure 90°; weld end plates to rear plate. 23. Turn structure 90°; 
weld end plates to top plate. 24. Aside structure. 

The center beam is used as additional air storage space, and it adds also 
to the structural strength of the frame. The inside, rear motor bolt plates 
are- anchored to this beam. The beam was constructed by welding two 
angles together to form a box beam. And by the following procedure was 
made into the finished tank sub-structurc: 

1. Raise rear end of beam 45°. 2. Position, tack weld and weld 1st side of plate 
inside end of beam. 3. Turn structure at 90° intervals and weld other 3 sides of plate. 
4. Position beam; position and tack weld reenforcing plate to bottom of beam. 5. Posh 
tion and tack weld temporary braces to reenforcing plate. 6. Tilt structure until 
reenforcing plate is up and at 45°. 7. Weld 1st side of reenforcing plate to bottom 
of beam. 8. Turn structure 90°—2nd side of reenforcing plate up at 45°. 9. Weld 
2nd side of reenforcing plate to bottom of beam (stagger with opposite side). 10. 
Aside structure. 

Sequence of Operations 

The oil pan guards are welded as substructures because they can be 
positioned more easily due to their size and at the same time better quality 
welds result. The following procedure was used for welding: 

I. Set Up—1. Position bottom plate. 2. Position and tack weld side plates. 3. Aside 
structure. 

II. Weld—1. Position structure; weld front of right side plate to bottom plate. 2. 
Position structure; weld rear of right side plate to bottom plate. 3. Position structure 
at 45°— r igh t edge up. 4. Weld right side plate to bottom plate. 5. Position structure; 
weld front of left side plate to bottom plate. 6. Position structure; weld rear of left 
side plate to bottom plate. 7. Position structure at 45°—left edge up. 8. Weld left 
side plate to bottom plate. 9. Aside structure. 

Sequence of Operations 

Having these substructures completed, they were positioned, tacked and 
welded together to make the motor frame structure as outlined below: 

1. Position align fuel tanks. 2. Position front air tank. 3. Align and tack weld parts 
together. 4. Position and tack weld center air tank. 5. Position and tack weld 
temporary braces. 6. Position and tack weld battery bottom cross beams. 7. Position 
and tack weld cross pipe to fuel tanks. 8.Wbld (inside) center air tank to front air 
tank. 9. Position and tack weld end cap to center tank. 10. Weld top of cap to center 
tank. 11. Weld bottom of cap to center tank and top of front tank. 12. Weld right 
and left sides of center tank to front tank. 13. Weld top of right tank to front tank. 
14. Weld right tank to end of front tank. 15. Weld left tank to end of front tank. 
16. Weld top of left tank to front tank. 17. Turn structure on side of left fuel tank. 
18. Weld, left fuel tank to front air tank (bottom and rear). 19. Weld center air tank 
re-enforcing plate to rear of front air tank. 20. Weld cross pipe to left tank 21 Posi¬ 
tion and tack weld vertical beam to left fuel tank. 22. Position, tack weld and weld 
(sides) caps to vertical beam. 23. Weld top of bottom cap to vertical beam, 24. Weld 
bottom of top cap to vertical beam, 25. Weld vertical beam (sides and bottom end) to 
fuel tank. 26. Weld battery box cross beams to left fuel tank (all around). 27. Weld 
right tank to end of front air tank. 28. Turn tank 180" on side of right tank. 29. 
Weld right fuel tank to front air tank (bottom and rear). 30. Weld center air tank 
reenforcing plate to rear of front air tank. 31. Weld cross pipe to right tank. 32. 
Position and tack weld vertical beam to right fuel tank. 33. Position, tack weld and 
um j l eS caps to vertical beam. 34. Weld top of bottom cap to vertical beam. 35. 
Weld bottom of top cap to vertical beam. 36. Weld vertical beam (sides and bottom 
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end) to fuel tank. 37. Weld battery box crossbeams to right fuel tank (all around). 
38. Weld left tank to end of front air tank. 39. Turn structure 90°—bottom up. 40. 
Position and tack weld bottom plate. 41. Weld sides of bottom plate to fuel tanks. 
42. Weld ends of right and left tank to bottom of front air tank. 43. Turn structure 
over—top side up. 44. Weld (stagger beads on opposite sides) center tank reenforcing 
plate to bottom plate. 45. Aside structure. 

It is to be noted in the procedure above that the front end of the center 
air tank is fitted over the front tank and then welded, through the open end 
and on the sides. A hole in the bottom plate of the center air tank fits around 
a sleeve welded in the front tank, and when welded to this sleeve, the joint 
is air tight. The weld on the outside joining the tanks together is also made 
air tight. After the structure is completely welded, the tanks are tested with 
SO pounds of air. 

The motor frame structure was next aligned and welded to the case 
structure with the weld specification as listed: 


Fig. 6. Dash made o£ 12-gauge mild steel. 


Radiator—This structure is composed of three sections welded as sub¬ 
structures and then bolted together with the radiator web (purchased part). 

The radiator top tank has a large die pressed shell made of special alloy 
mild steel and several torch cut parts welded to it. The following procedure 
applies to this structure: 


Sequence of Operations 

1. Position, align and tack weld motor frame structure to case. 2. Weld top of 
fuel tanks to case. 3. Weld sides of fuel tanks to case. 4. Weld bottom of fuel tanks to 
case. 5. Weld top of center air tank to case. 6. Weld sides of center air tank to case. 
7. Weld bottom of center air tank to case. 

The structure as fabricated up to this point is ready for assembly and 
finishing, (See Fig. 5). As connected with the motor frame, it includes 
mounting radiators, welding battery boxes in place, bolting dash on case, 
mounting motors and connecting them to air-filters, and radiators, wiring 
for the starter and head lights, and mounting of the hoods. But before this 
work could be done several more sub-structures had to be welded and then 
sub-assemblies made. 
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Sequence of Operations 

I. Set Up—1. Position bolt plate on jig. 2. Position top curved section. 3. Position 
back plate. 4. Align and tack weld parts together. 5. Position and tack weld side filler 
plates. 6. Weld (inside) top curved section to bolt plate. 7. Position and tack weld 
temporary reenforcing bar. 8. Remove and aside structure. 

II. Weld—1. Position structure at 45° tilt—edge oi back plate and bolt plate up. 2. 
Weld edge of back plate to bolt plate. 3. Weld back plate (while turning structure) to 
top section. 4. Weld bolt plate (outside) to top section. 5. Turn structure on front 
side—raise left side 45°. 6. Weld back plate (right end) to top section. 7. Turn 
structure until right side is up to 45° tilt. 8. Weld back plate (left end) to top section. 
9. Turn structure on top side. 10. W^eld bolt plate to straight part o| top section. 11. 
Turn structure until left side is up at 45°. 12WVeld bolt plate to straight part of top 
section. 13. Position structure on right side. 14. Weld (outside) left filler plate to top 
section. 15. Weld (inside) right filler plate to top section. 16. Turn structure end for 
end. 17. Weld (outside) right filler plate to top section. 18. Weld (inside) left filler 
plate to top section. 19. Position structure on front side. 20. Position, tack weld and 
weld intake pipe. 21. Position, tack weld and weld connection pipe. 22. Aside structure. 



Fig. 7. Deck cover plate bolted to top of case. 

Sequence of Operations 

The side sections are composed mainly of a die'presscd shell. The die 
used for this pressing was arc welded and the letters “TournapuIP were 
built up on the die with hard facing. The welding procedure is as follows: 

I and II. Set Up and Weld—1. Position side plate; position jig inside. 2. Position 
and tack weld bottom bolt plates. 3. Position and tack weld top bolt plate. 4. Remove 
jigs; turn structure over. 5. Position and tack weld filler plates. 6. weld filler plates 
together. 7. Weld filler plate to side plate. 8. Weld (outside) bottom bolt plate to out¬ 
side of side plate. 9. Turn structure over; weld (inside) filler plate to side plate. 10. 
Position structure on bottom end. 11. Weld top (outside) of top bolt plate to side 
plate. 12. Weld (inside) filler plates together. 13. Weld bottom filler plate (inside) 
to side plate. 14. Weld top side of bottom bolt plates to side plate. 15. Weld outside 
bottom bolt plate to side plate. 16. Turn structure end for end. 17. Weld bottom of 
bottom bolt plate to side plate. 18. Weld (outside) small filler plate to side plate, 19. 
Weld bottom of top bolt plate to side plate and filler plate. 20. Aside structure. 
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The welded parts were assembled together with bolts. Two radiator 
assemblies are required for each tractor—one for each engine. The base 
bolt plates were bolted to the bottom of the radiators and each structure 
positioned and aligned on the cross beam air tank. The base bolt plates were 
tacked to the tank and then the radiator structures were removed after 
which the plates were welded to the tank. 

The motor base, bolt plates along with their gussets are aligned by 
means of a special jig. This jig has a shaft which goes through the drive 
shaft openings in the front of the case, thus corresponding to the line shaft 
of the motor and coupling shaft. The bolt plates are welded into position 
after the jig is removed. 

The battery boxes were made from pieces of 12'gage mild steel and 
arc welded together. They were then tack welded to the cross beams pro' 
vided for them just in front of the case. The covers were made of the same 
kind of material as the body of the boxes. 

A dash, (See Fig. 6), was made of 12'gage mild steel with a lxlx% 6 'inch 
angle welded around the upper edge and a lxlxVi'inch angle welded to the 
bottom for a bolt plate. This structure was bolted to an angle welded be' 
tween the fuel tanks next to the rim of the case structure. All gages, meters, 
indicators, speedometers, starters and light switches were mounted to this 
structure. There are two complete sets—one for each motor. The welding 
procedure used is as follows: 

Sequence of Welding 

1. Position plate. 2. Position and tack weld top band. 3. Turn plate over; position 
and tack weld angle to plate. 4. Turn structure over—top band up. 5. Weld front of 
plate to top band. 6. Weld front of plate to angle. 7. Turn structure over. 8. Weld 
angle to back of, plate. 9. Weld (edge) top band to plate. 10. Grind top edge. 11. 
Aside structure. 

The radiators were rebolted to the base plates. An anchor beam for the 
radiator grill and hood was constructed between the radiators. It consisted 
of one vertically positioned box beam welded to the top of the center tank 
and a box beam brace welded to the top of the vertical beam running 
diagonally backward with the other end welded to the center tank. A curved 
piece was welded to the top of the box beam frame in line with the radiator 
tops. Similarly curved pieces were welded to the radiator tops at their 
centers and overlapping the curved piece on the box beams to which it was 
bolted. This completed the radiator top. 

The radiator grills were next bolted to each outside radiator side plate 
and the center beam, thus forming the radiator front as shown in Fig. 5. 
These grills were arc welded structures, being fabricated before assembly 
to the front of the radiators. 

Before bolting the motors in position, the oil pan guards were welded 
to the bottom motor frame plate. A. box beam was welded to the center tank 
immediately in front of the battery boxes. To the top of this beam was 
welded a bracket which supports the filter tank for the transmission case 
oil. The throttle control bracket was mounted between the battery boxes 
and the filter tank support. 

The motors were then aligned, shimmed and bolted in the proper posh 
tion. Brackets for the air filter tanks were welded towards the front end of 
the incline plate of each fuel tank. Hose connections were made from, the 
compressor to the filter tank and then to the storage tank. After this, the 
radiator hose connections were made to the motor. Next, the exhaust pipes 
were connected tp the motors. They are seen as the vertical pipes behind 
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Fig. 8. Bolting tire to wheel. 


the radiators in Fig. 5. Also welded to the structure at this point, was the 
hinged step to the side of the left fuel tank as seen in Fig. h 

The hood was made of three separate structures. 

The left side structure was made of two pieces of 12-gage material butt 
welded together. This seam was reinforced by welding a 1 x 1 xpi r.dnch 
angle to each section of 12-gage material just to the sides of the butt weld. 
This angle also helped to add stiffness to the structure. Two rolled sections 
of .}/^xV/ 4 'inch. bar were welded to the front and rear of the structure to be 
later drilled and tapped for bolting the hood to the radiator tops and the 
top of the dash. A standard Yl pipe section was welded to the front lower 
edge of the main sheet to improve appearance as well as reinforcement. A 
short length of lxlx% o'i nc b box beam was welded to the rear lower edge of 
the main sheet, also for reinforcement. Another 1 xl x :i /[ ^-inch angle was 
welded to the underside of the 12-gage material for added stillness. The 
right side structure was similarly constructed except that instead of butt 
welding the 12-gage sections together, short sections of J/J-inch pipe were 
welded to each edge and staggered so that they interlocked when the edges 
were placed together. These hood structures were bolted on after the rest 
of the motor assembly was done. 

Assembly of Transmission in Case—The transmission was assembled as 
shown in Fig. 6. The hydraulic oil manifolds were assembled and installed 
to the case before starting the installation of the gears and so forth. To 
begin with, the right and left spiral pinion gears were installed in the front 
of the case and adjusted. The gears for the power control unit were assem¬ 
bled to the shaft at the same time as that of the left spiral bevel pinion. The 
line shaft for the power control unit was installed in the case and extends 
through the entire length of the case. The power control unit was assembled 
in its case at the rear of the main case. After this installation of gears and 
and clutches, the rear cover plate (an arc welded sub-structure) was bolted 
on and then the cable drums were assembled to their shafts on the outside of 
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the cover plate. The right and left final drive pinions were assembled to 
their shafts with the bearings. The assembled pinion shafts were installed 
in each rear corner of the case. Next, the right and left final drive bull gears 
were assembled to their shafts with the bearings and oil seals. This assembly 
was then installed in the center of the right and left sides of the case. 

An assembly for the primary shaft was made. This consisted of mounting 
the high speed primary gear on the shaft with its female clutch cones and 
bearings. Similarly, the low speed primary gear was mounted. These gears 
were locked in place on the shaft by nuts. Then the male clutch cones were 
assembled to the shaft and afterwards the cam rings, adjusting spiders, and 
throwout collars. The primary low speed driven gear was assembled to the 
secondary shaft. Then the reverse driving gear, the secondary high driving 
gear with its female clutch cone and adjusting spiders, cam rings, throwout 
yoke collar, a roller bearing and adjusting nut were assembled to one side of 
the shaft. On the other side of the shaft the primary high driven gear, the 
secondary low-driving gear with its female gear clutch cone and ball bearing 
assemblies, and the male cone, adjusting spider, cam ring, throwout yoke 
collar and a roller bearing were assembled. 

The steering clutch shaft was assembled next. The reverse dog clutch 
gear was assembled to the shaft, then the adjusting roller bearings on the 
reverse driven gear. Following this, the reverse shifting dog clutch was 
assembled along with the secondary low driven gear and a roller bearing. 
After this one steering clutch assembly and brake band which consists of 
a male and female inner and outer cone spline driven, an adjusting spider, 
cam rings and throwout yoke assembly were assembled to one side of the 
shaft. On the other side the secondary high driven gear and roller bearing 
were assembled, then a steering clutch assembly similar to that on the other 
side. 

The primary shaft assembly was installed in the front part of the case 
just behind the spiral bevel pinions. Along with this installation, mounting 
brackets were welded in place for the hydraulic pumps on the primary shaft. 
All bearing adjustments were then made. The secondary shaft was installed 
just behind the primary shaft and all adjustments made on the bearings and 
nuts. The steering clutch shaft was next installed and after making adjust¬ 
ments, the steering clutch female cones were bolted to the final drive pinion 
flanges which completed the drive from the hydraulic coupling to the axles. 

The air control shifting mechanism and all necessary air pipes, valves 
and cylinders were installed in the case. Also the lubricating oil line connec¬ 
tions were made thus completing the inside installation. 

The deck cover plate was assembled next. This consisted of mounting 
the air line pipes and valves in the air-control console and then bolting it to 
the cover plate. Additional pipe lines were clamped to the under side of the 
deck and connected to the console pipes. The plate was then bolted to the. 
top of the case, (See Fig. 7). The seat was assembled to the rear of the 
console and the rear hitch ball block was bolted to the rear edge of the case.. 
Air cylinders were connected along with the brake assembly' previously- 
installed in its housing under the deck plate. A compression release lever- 
valve assembly was bolted to the side of the console and the foot pedal 
throttle controls were installed. 

After checking all installations, the drive couplings were bolted in, 
connecting the motors with the transmission. Then the oil seal retainer 
plates were aligned to each side of the case at the center prior to bolting 
two assembled tires and wheels (See Fig. 8). The wheels are all welded 
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structures. The wiring connections were completed, the hood bolted on, two 
hundred and twenty (220) gallons of 000-DA lubricating oil was put in the 
transmission case. Nineteen (19) gallons and three (3) quarts of water for 
each motor was put in the radiators and then one hundred and fifty-five 
(15 5) gallons of fuel oil put in the tanks. The motors were started and when 
the air pressure built up, the unit was tested. 



Fig. 9. Tractor assembled with 60-yard scraper. 

The final drive gears (See Fig. 10), the clutch cones, the throwout yoke 
structures and the smaller gears are all welded structures. Some few parts 
of these structures are sand cast and there are immediate future plans for 
casting some of the smaller gears, which type of production is more economi¬ 
cal. The copper linings in the female clutch cones and steering clutch cones 
are tack welded in with tacks V^dnch long on one inch centers. 

Conclusion—In Fig. 9, the tractor is shown assembled to the 60-yard 
scraper. This combined unit is 52 feet long, 14 feet 8 inches wide (the 
scraper governs) and 13 feet 9 x /2 inches high (scraper governs) and weighs 
95,990 pounds. The units are shipped separately, due to the size of each. 
The scraper is bolted together—designed this way so that it could be broken 
down to its welded structures for shipping. The tires arc inflated with 
forty-five (45) pounds of air and are thirty-four (34) ply. 

The tractor as a single unit cannot move under its own power, due to 
the over-hang of the weight in front and the. fact that there are only two 
wheels. But there are very few occasions when the unit is detached from 
the scraper unit. Connected to the scraper, the steering is accomplished by 
applying brakes to one wheel, thus causing the unit to turn to the same 
side that the wheel is on. A non-stop Upturn requires only an 86 foot circle. 
Again referring to Fig. 7, the two center levers on the console control the 
steering clutches. 

The depth of cut can be adjusted up to a maximum of 14 inches and the 
depth of spread up to 35 inches. This operation is accomplished by the power 
control unit on the rear of the case-connection being made by cable to the 
scraper through sheave housings. The two right levers on the console 
control the operation of the power control unit. 

The speed of the tractor is controlled by the two left levers on the 
console. Remember the levers control these operations by air working under 
pressures of 85 to 105 pounds per square inch and the air being supplied by 
two compressors each compressing 14.5 cubic feet per minute. 

The motors are connected to the transmission case by fluid drive. This 
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feature gives better performance by reducing shock loads to the transmission 
and smoother operation. Should one motor fail to operate, the remaining 
motor can run the unit at a slow speed if it is turning between 500 and 700 
revolutions per minute (400 revolutions per minute being the minimum for 
either motor to work) and at the same time the dead motor will not turn 
over. 

The tractor has performed beautifully with the 60-yard scraper. With 
just the tractor pulling the scraper, 40 yards of clay soil (2500 pounds per 
yard) were scooped up, and with a pusher on behind, 59 yards, constituting 
a heaped and capacity load, were scooped up. When attached to a 4 5-yard 
capacity scraper, the tractor increased the pick-up load (without pusher) by 
10 yards, almost loading the scraper to capacity. Fig. 11 shows the tractor 
and the 60-yard scraper in operation. (See also Figs. 12, 13, 14, 15 and 16). 

There seems to be no question about the fabrication of the tractor by 
arc welding being more economical than by other methods. It is true that 
the smaller gears, clutch cones and similarly sized parts can be cast cheaper 
if the foundry is running better than a 40 per cent yield. Yet, to cast the 
case would be a very difficult job and at the same time would require quite 
an expense for making the patterns and setting up the molds. Many odd" 
shaped parts were accomplished easily and quickly by arc welding simple 
parts together. 



Fig. 10. Arc welding the drive gears. 

Of more interest to a contractor doing grading work is the cost for mov¬ 
ing and grading each yard of earth. The initial equipment cost is an im¬ 
portant item but profit is based on the operating cost per yard moved. 
Therefore, an analysis will be made on the cost per yard as accomplished by 
the tractor and scraper with a pusher (bulldozer) added and finally by a 
2y 2 -yard shovel, five-yard dump trucks and a pusher for leveling. Records 
were kept on an actual grading job in which clay soil was handled. The job 
was done by the tractor and the 60-yard scraper, so that fairly accurate 
figures can be given. 

In the first case, the tractor and scraper not only scoop up the load, 
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but also level it when dumped, thus eliminating the expense of a bulldozer. 
The depreciation of the equipment will be figured on 3 cents per $1000 
invested, based on a 10,000 hour straight-line write-off. The list price of 
the tractor and scraper is $46,270. At 3 cents per $1000, the depreciation 
amounts to $1.38 per hour. The operator for the tractor cost $1.25 per hour, 
bringing the cost to $2.63. To this is added the cost of fuel. Each of the 
two engines use 50 gallons of fuel oil for ten hours of operation, or a total 
of 100 gallons for a twin-motored tractor. This is a ten-gallon-an-hour con¬ 
sumption and at 7 cents per gallon, makes a total of 70 cents per hour for 
fuel. This brings the total to $3.33. Each Diesel engine has 6 gallons of oil 
in its crankcase or a total of 12 gallons. Figuring a cost of 87 cents per 
gallon, the lubricating oil totals $10.44, but this oil is changed every 50 
hours of operation so that the cost is .2088 an hour. The oil in the trans¬ 
mission of the tractor is changed every 2000 hours of operation. 

Since there are 220 gallons of oil required for each change and figuring at 
87 cents per gallon, the cost amounts to .0957 per hour. The tractor and 
scraper are greased every 10 hours which increases the cost .05 per hour. The 
total cost up to this point is equal to $3.6845. The tires on the tractor list at 
$1780 each, making the total investment $3,560. The type of ground on 
which the equipment operates determines the life of the tires. On this 
particular job of running over clay soil and fairly level run-way, the tires 
would last 5000 hours. The cost per hour for tires would then be. .752. 
To this must be added the hourly cost for the 4 smaller scraper tires. Each 
tire lists at $970, and figuring again on a 5000 hour life, the cost is .776 
per hour. This brings the total now to $5.2125. The repairs include replace¬ 
ment of blades and cable to the scraper, field welding, parts and labor. The 
blade bolted to the scraper bottom is in three sections. The middle section 
lasts 600 hours and the outside sections last 800 hours. Figured on this 
basis, the cost runs 7 cents per hour. There is 932 1 / i feet of cable used 
on the scraper and has to be replaced after 100 hours of operation, either 
part or the whole. Figuring on total replacement and the cost of 18 cents 
per foot, the cable cost per hour is $1.6785. Repairs and replacements of 
other parts vary considerably, depending on the type of ground moved, but 
in this case 20 cents per hour is rather conservative. Adding these items, 
the total cost is $7.1610 or $7.16. A summary of the cost per hour follows 
below: 


Cost per Hour 

Depreciation @ 3$ per $1000.....1.38 

Tournapull Operator @ $1.25 per hr....... 1.25 

Fuel Oil @7$ per gal.... .70 

Diesel lubrication @ 87$ per gal...2088 

Transmission lubrication @ 87$ per gal.0957 

Grease .05 

Tournapull Tires (2). 752 

Scraper Tires (4). .776 

Blade Replacements...07 

Cable Replacements @ 18$ per foot.... 1.6785 

Repairs.... .20 


$7.1610 

Note: This cost does not include interest, insurance, taxes, 
over-head, profit or supervision. 
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This grading as outlined above was done on a mile-and-a-half course 
with a 15•'minute round trip. Since on each round trip 40 yards of earth 
was hauled and leveled, and 4 such trips an hour were made, then 160 yards 
was moved per hour. Figuring on 90 per cent operating efficiency per hour, 
the total pay yards is 144. The cost per yard amounts to .0497 or 5 cents. 

By adding a bulldozer, which acts as a pusher on the rear of the scraper 
during loading, the pay yards per round trip increased from 40 yards to the 
capacity load of 59 yards, and the round trip time remained the same. To 
determine the new cost per yard, certain additions must be made to the 
analysis covering the Tournapull and scraper. The list price of the Moser 
is $8,700 and with a 3 cents per $1000 depreciation, .261 must be added. 



Fig. 11, (left). Tractor and 60-yard scraper in operation. Fig. 12, (right). Front operating 

view of unit. 

The cost of the operator runs $1.25 per hour, also making the addition 
total $1,511 so far. The Mozer uses 5 gallons of fuel oil per hour and at 
7 cents per gallon totals 35 cents. The motor oil is changed after 50 hours 
of operation. This change requires 7 gallons and at 87 cents per gallon 
amounts to .12. Now, the oil in the Mozer transmission (18 gallons) is 
changed every 300 hours. Figuring the same cost at 87 cents per gallon, 
the change amounts to .0522 per hour. The total additional cost now 
amounts to $2.0332. The Moser is greased every 10 hours and amounts to 
about 4 cents per hour. Repairs cost very little, but do run about 7 cents 
per hour. The total additional cost is then $2.1432, or $2.14; a summary 


is tabulated below: 

Additional Cost 

Tournapull and Scraper cost per hour...$7,161 

’’Dozer Depreciation.261 

‘Dozer Operator...-. 1.25 

Fuel Oil.35 

Lubricating Oil.1722 

Grease.04 

Repairs .07 


$9.3042 

Again, using a 90 per cent operating efficiency per hour and four round 
trips, the total pay yards is 212,4. Then also, the cost per yard amounts to 
.0438 or -044. It is seen that a savings of $.0059 or l / 2 cent a yard was 
made possible by a small amount of additional investment. 

By a similar analysis, a cost per yard was determined for a shovel, truck 
and Mozer combination. The initial investment for a Diesel engined shovel 
runs about $37,000 and for each 5 yard dump truck about $2000. The 
round trip time required by each truck was 12 minutes. Approximately three 










20 


STUDIES IN ARC W'ELDING 



Fig. 13, (left). Another operating view. Fig. 14, (right). Side view of unit in action. 

minutes were required for loading, thus limiting the number oi trucks to 
four. The bulldozer as stated before cost $8,700. Therefore, the total invest-' 
ment is $5 3,700. With a similar 3 cents per $1000 depreciation, the total 
amounts to $1,611 per hour. As determined before, the total cost of the 
bulldozer per hour will be used as $2.1432. Figuring operator costs at $1.00 
an hour for each truck operator and $1.25 for the shovel operator, the cost 
of operators amounts to $5.25 per hour. The fuel oil for the Diesel engine 
in the shovel should be the same for the other Diesels and thus amounts 
to 5 gallons at 7 cents per gallon, or a total of 35 cents per hour. About 
30 gallons of gasoline was used by each truck in 10 hours, or 3 gallons per 
hour per truck. Figuring a cost of 16 cents per gallon, the total gas cost 
is $1.92. 

Adding these costs, the total reaches $11.2742. As determined pro* 
viously, a Diesel lubricating oil change costs .1044 per hour. Greasing and 
changing of oil in the trucks runs about 12 cents per hour. Repairs on the 
shovel and trucks will average very close to 20 cents per hour. Figuring that 
each tire costs $30 each and lasts 1200 hours, then, the tire cost per hour will 
be 40 cents. The total cost per hour then equals $12.0986, or $12.10. A 
summary of the cost follows: 


Summary of Cost 

2.1432 
1.61 1 
5.25 
.35 
1.92 
.1044 
.12 
.20 
.40 

$12.0986 

Since each truck carried 5 pay yards and each made 5 ti’ips per hour, 
then the total number of yards was 100. Base on a 90 per cent operating 
efficiency as done on the other combinations, the pay yards total 90 per 
hour, and it is found that the cost is .1344 per yard or 13*/2 cents per yard. 

The comparative figures as determined show quite a saving by the use 
of the tractor and scraper combination and still an additional l f 2 inch a yard 
by adding a bulldozer or pusher. The clay earth that was moved weighed 
about 2500 pounds per yard and the amount carried when heaped (59 yards) 
was more than a railroad gondola could carry. 

The costs as determined in this paper are well in line for this particular 


Cost to operate bulldozer.... .. 

Depreciation ... 

Operators...... . 

Shovel fuel oil. .. 

Gasoline for trucks.......... 

Shovel lubricating oil...... 

Grease and oil changes in trucks.... .................. 

Repairs..... 

Tires............... 
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job. In other combinations of tractor, scrapers and pushers, and with dif- 
ferent types of earth, the cost per yard varies from 3 cents to 10 cents. 

The following is an article taken from the 1941 Annual Company Report: 
“■Because Tournapulls are quickly pusher loaded, haul at fast construction 
speeds and spread their own loads, they move yardage faster. 



Fig. 15, (left). Unit fully loaded. Fig. 16, (right). Close-up of unit. 

“As an example, take a 2,000-foot haul over good construction roads. 
Here, because of their high average speeds, 2 Super C Tournapulls plus 
a pusher (total weight 98,000 pounds) will dig, haul and spread as much 
earth as a 2]/l yard shovel plus six 5-yard trucks and a spreading ’dozer 
(totaling approximately 245,000 pounds). That’s a saving of 147,000 pounds 
of steel, vitally needed for Victory. What’s more, the Tournapull fleet re- 
quires 7 less men, cuts equipment investment almost in half and reduces cost 
per yard approximately 54 per cent.” 

In the conservation of man power, needed materials and time, a fleet 
of Tournapulls, Carry-All scrapers and bulldozers is a definite trend. 




Chapter II—Gasoline Engine for Racing Automobile 
By F. H. Andrews and Louis LaGreca, 

'Welding Superintendent, Paterson Boiler & T'anJ^, Inc., Paterson, A(. J. and Otcner, 
LaGreca Machine Co., Paterson, J\[. J., respectively. 



Subject Matter: Construction of an all- 
welded steel gasoline engine for a racing 
automobile. The advantages claimed by 
the authors are saving in cost and weight 
compared to cast iron and elimination oi 
leaky gaskets. 



F. H. Andrews 


Louis LaGreca 


This article deals with an all welded gasoline steel motor with over-head 
valves, of one-piece cylinder head and block construction, all of which were 
made from scrap steel and tubing. 

It is a 4-cylinder 212-cubic-inch displacement motor, (See accompanying 
Figs. 1 to 5 inclusive), completely fabricated with steel. The only castings 
used were covers for timing gears and cams. These covers could have been 
fabricated from sheet aluminum or scrap steel but we had the castings. 

The cylinders arc made from 3% inch inside diameter tubing 7J/4 inches 
long with a solid piece of shaft 4 inch diameter by 1 l /r inches long welded 
to top of tubing, after having been machined to 7 inch radius outside and 
5 inch radius inside for combustion chambers and also drilled and tapped 
for spark plugs. 

The pistons were of cast aluminum. 

Timing cams were welded to cold rolled steel and hard surface J. 

The manifolds were made from short pieces of 2 inch diameter tubing 
of ]/% inch wall thickness. 

The timing gears were flame cut and machined from steel. 



Fig 1 . 1, (left). Unit assembled. Fig. 2, (center). Cylinder head. Fig. 3, (right). Cylinders and 

crankshaft in crankcase. 
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Fig. 4, (left). Crankshaft in crankcase. Fig. 5, (right). Cylinder mounted on crankcase. 

The three main bearing blocks were made from 3 x ^/^"inch steel, flame 
cut and machined. 

Crank case was made from V^dnch plate, balance of crank case of % 6 - 
inch plate. 

Oil pan was made from 10-gauge plate. 

Cylinder block covers and sides were made of 12-gauge, back covers of 
%<5-inch and front of i/yinch plate. 

Valve posts welded to cylinder head and sides. 

Main bearing braces % 6 -inch plate. 

Nearly all of the above mentioned motor was made from scrap steel, with 
the exception of some of the tubing. All steel was bought at scrap price. 

The actual machining time on the motor approximated 150 hours and 
the welding time about 15 hours. The weight of the motor equals 250 pounds. 

This motor is to be used in a racing car. 

The nearest comparable approximate price for a cast motor at retail 
price would be $2300. 

Our costs below: 


Machining—150 hours @ $5.00 per hr...$ 750.00 

Welding — 15 hours @ $2.00 per hr. 30.00 

Burning . — 5 hours @ $2.00 per hr. 10.00 

Parts, such as magnets, oil and water pump etc. 120.00 

Spark plugs. 3.00 

Aluminum castings. 30.00 

Scrap Steel... 5.00 

Assembly. 30.00 

Pistons, connecting rods. 22.00 


$ 1000.00 

We believe, with some changes, this motor could be made for passenger 
cars. 

Also a number of parts could be formed. Holes punched with dies in 
production would eliminate the largest part of the cost as parts were cut 
by a burning torch and bent by hand. 

The original reason for making this motor from steel was to get away 
from gaskets which are always loosening up and losing oil, also to save 
weight in the front part of the car. 














Chapter III—Universal Joint Drive Shafts 
By W. W. Slaght 

Chief Engineer J Cleveland Steel Products Corp., Cleveland, Ohio. 



Subject Matter: Method of mechanically welding a yoke to each 
end of a tubular drive shaft. 


W. W. Slaght 


Introduction—Arc welding of the tubing to the yoke ends to make up 
the subassembly of a universal drive line is used quite universally by the 
universal joint manufacturers of this country and 1 believe the method for 
doing this operation is quite similar in all cases. 

The following paper, while it will deal with the machine we use for 
arc welding and the procedure followed, is not primarily lor that purpose. 
The real purpose is of relating a little improvement which has eliminated 
a trouble which had the earmarks of being a real headache. 

To lead up to the problem we were faced with, a description of the 
machine is in order, followed by a line up of the procedure of operations 
and eventually our problem and what was done about it. 

Description of Machine—The machine consists primarily of a bed similar 
to a lathe bed upon which is mounted two heads. One head, at one end, 
is fixed for position but, in turn, does the rotative driving. The other head 
is a traveling head and can be set to any position to care for the wide 
variation in lengths of shafts. These heads are equipped with centers for 
carrying the shafts to be welded. 

The driving head is positively connected through a speed reduction to 
an electric driving means which can be adjusted to the proper desired revo¬ 
lutions per minute. It is also equipped with a lever for starting the mechanism 
and a cam shutoff mechanism so that the weld will make just one revolution 
plus a small extra for overlap. 

Inasmuch as both ends of the tubing are to be welded to the ends at one 
time there are two coils of welding wire, one for each end. This wire is 
automatically fed when in operation by means of two individual mechanisms 
one at each end. Each of these mechanisms is controlled by two motors, one 
for feeding the wire faster and one for slowing the feed down. The control 
on these motors is by means of the fluctuation in current due to variation 
in arc. A short arc means the wire is feeding too fast and the motors will 
control the speed to slow it down and a wide arc means the wire is feeding 
too slow and the motors will control the speed to speed up the feed, 
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The electric power is supplied through the medium of two AC-DC con¬ 
verters running off of 220 volts, 60-cycle, 3-phase and converting to D. C. 
The D. C. volts and amperes are adjustable according to the discretion of 
the operator, to give the most suitable weld. 

Procedure—The procedure as explained here will only involve the sub- 
assembly of a universal joint drive shaft. This subassembly is made up of 
a piece of tubing which is welded to its two ends or yokes. The two ends 
might be a yoke on one end and a spline shaft on the other end or yokes 
might be used on both ends. Let us refer to these ends as yokes. Our design 
covers both cases but the problem involved applies to either case. 

The tubing used is first cut to length. The next operation bores the 
two ends of the tubing to a close tolerance so as to match the outside diam¬ 
eter of the end yoke hubs so as to give a press fit of from .005 to .011 when 
the yokes are pressed into the tube. At the same time the two ends of the 
tubing are bored out, they are also chamfered on the outside diameter with 
a 45° chamfer. 

The yokes also have a chamfer at 45° to match up with the chamfer 
on the tubing. These two chamfers when brought together give a 90° V 
groove into which the arc welder must lay the weld. 

The two yokes are now pressed into the tubing by means of a hydraulic 
press, provision being provided so as to give the proper length between boss 
centers of the yokes. The press fit mentioned above gives a sufficient tight¬ 
ness so that the entire subassembly will stay together during handling and 
straightening on centers which is the next operation. 

This straightening operation is necessary so that a good alignment is 
obtained before welding. If this were not done, the straightening operation 
following the welding might impose considerable strain on the weld itself 
in order to put the entire subassembly in straight alignment. 

This alignment is required due to the fact that these shafts are called 
upon to turn in excess of 4000 revolutions per minute and any misalignment 
causes undue vibration and whip. 

The next operation is the welding. Both ends are welded simultaneously. 
Other operations follow but for our purpose we need not go any further. 

The Problem—The problem that faced us was: tL What could we do to 
overcome weld failure on our 2-inch diameter tubing shafts?” 

A 2-inch diameter by 10-gauge seamless tubing was called upon to trans¬ 
mit 32,500 inch pounds’ torque. The length of weld on a 2-inch tube is 6.28 
inches which calculates 5200 pounds per inch of weld. The larger-diameter 
tubing did not bother us because, for instance, on a 2 1 /2-inch tube the length 
of weld would be 7.85 inches. This would resolve into 4140 pounds per inch 
of weld for the same torque required. 

On the 2-inch tube, the failure was not an epidemic but only an occasional 
failure but it did indicate that we were near the ragged edge and that some¬ 
thing had to be done about it. 

By investigation and experimentation, we discovered that welds that 
were narrow and rose to a peak on the center line were invariably weaker 
than welds that were flatter with very little crown and were broad, covering 
not only the V-groove provided for the weld but spread at least ^ 6 dncli 
beyond the V-groove. (See sketches of before. Fig. 1, and after Fig. 2.) 

Upon cutting open welds with the high peak, it was discovered that 
the core of the weld appeared crystalline and full of gas holes while upon 
cutting open the flat welds the condition pf the core looked good all the 
way through. 
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Further experimentation was made with various welding electrodes but 
the results invariably showed that any wire that would peak was not so 
good while a wire that lay on flat was good. 

The trouble could not be blamed on the electrode. A further experi¬ 
mentation on the voltage and current indicated that this also contributed 
to the success or failure of the weld. 



Fig. 1, (left). "'Before/' and Fig. 2 . (right), "after” views of welds. 

To obtain the flatter weld, it was necessary to increase the current re¬ 
quirement for welding. This was true regardless of the electrode used. The 
higher current driven through the welding electrode gave a hotter arc and 
we feel had considerable influence in flattening out the form of the weld. 
However, the character of the electrode had some influence on the type of 
core in the weld that was produced. Even though more current was con¬ 
sumed and, from this angle, the cost to the company was more to operate, 
the change was really to the advantage of the company. 

The continual occasional weld failure kept us uneasy. We never knew 
when an epidemic might occur. The occasional failure began to make our 
customers uneasy and the feeling of mistrust in our welds was gradually 
growing. This uneasiness and mistrust was something that could not be 
measured in dollars and cents. It was a potential calamity which could 
occur. Something had to be done to rectify it. The change made in the 
form of the weld was that something. 

Further than this the change-over was a distinct saving in dollars 
and cents because of the fact that if a remedy had not been worked out 
it would have been necessary to go to a larger tube diameter with its propor¬ 
tional increase in costs of tube and yokes. This increase would have amounted 
to 17 cents per shaft or on a year's production of this site, approximately 
$!>000. 

Besides this, the danger involving a weld failure cannot be overlooked. 
Traveling even at moderate speeds, a car or truck can be overturned by 
a ruptured drive shaft with subsequent possible loss of life and material 
damage. 

Too much care cannot be exercised in the construction and manufacture 
of universal joint drive lines. An epidemic of failures might easily cause 
considerable loss of life as well as being costly. Welds must be correct and 
a job that is to be welded must be welded correctly. 




Chapter IV—Arc Welding in Bus Construction 

By D. F. Wagner, 

Chief Engineer, "Wentworth & Irwin, Inc., Portland, Oregon. 



Subject Matter: Welded construction of intercity busses. The 
chassis frame and side-supporting channels are welded and the 
aluminum body is riveted to the channels. The use of welding 
allowed the construction of this bus to be light in weight, (16,000 
pounds), stiff, of pleasing design and easy to fabricate. The cost 
of riveted construction would be enough more to be impractical 
for the style desired. 


D. F. Wagner 


The last 16 years has seen a remarkable advancement in bus body con¬ 
struction for our organisation. Sixteen years ago the first body was completed 
for one of the local transit companies. Its frame construction was a mixture 
of riveted and welded members, riveting being used on gussets and other 
points of stress while welding was used for joining members and for finishing 
exterior rails for appearance. The following description gives an indication 
of how far we have advanced in the field of body building at the present time. 

Modern bus body design is a mixture of appearance, serviceability, and long 
life. It can readily be said that all of the equipment now on the market meets 
all of these requirements. This means that the custom body builder must offer 
something more in his equipment as his sale price is usually higher than the 
regular market price because of the small quantity of units of one design pro¬ 
duced. 

Low net weight of a bus is a factor that the customer is interested in for 
the life of the unit as low net weight means more gas mileage, less tire wear, 
greater payload, ease of handling, and generally less wear on all chassis parts. 

Fig. 1 shows a modern design capable of outperforming busses of a like 
capacity on these points. The 3 3-passenger bus shown is 35 feet long, orig¬ 
inally designed for 37 passengers. The customer's requirements called for 



Fig. X. Modem busses of arc welded construction. 
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chassis and body and heavier tires because of the greater gross load. Our first 
analysis of the customer’s requirements based on the heavier design indicated 
a bus of the same capacity plus air conditioning would certainly weigh more 
than 16,000 pounds net weight ready for the road. By neglecting past designs 
and thinking in terms of absolute minimum weight requirements, we finally 
set the weight of 16,000 pounds with air conditioning as being possible. To 
indicate how close this estimate was, the finished unit actually weighed H,960 
pounds. 

The body consists of a high-tensile^strength steel frame with arc welded 
joints over which are riveted the aluminum panels. The body is connected to 
the chassis through outriggers welded to the chassis rails. Fig. 2 shows a front 
view of the frame paneled ready for mounting on the chassis. Fig. 3 gives 
more detail of the framing. The posts, longitudinal sill, belt rail, window 
header and roof rails can readily be seen. The body sills rest on beams while 
under construction previous to mounting on the chassis. 

Figs. 4, 5, and 6 show the front of the chassis, the engine installation at 
the center of the chassis, and the rear of the chassis. The mounting outriggers 
are 16"gauge high-tensile-strength steel welded to the longitudinal rails with 
gussets. All replaceable castings and brackets are riveted to the irame while 
all other members are electric welded. The chassis is originally furnished as a 
separate unit by another manufacturer ready for the mounting of the body. 

The longitudinal frame members previously mentioned are formed from 
high'tensile'Strength steel cut from sheet stock. All of these members are 
18 gauge in this design while normally 14 and 16-gauge mild steel members 



Fig. 6. Rear end of frame. 







Fig. 7, (left). Sill and post joint. Fig. 8, (right). Pillar. 


are used. The reduction in thickness is approximately 25 per cent as the high' 
tensile-strength steel has a tensile strength 25 per cent greater than that of 
mild steel. 

The reduction in thickness reduces the weight but has the disadvantage of 
increasing the flexibility of the formed sections which cannot be tolerated in 
the usual type of construction. The body has the ability to transmit the load 
to the axles because it is a box member of rigid construction. An additional 
strain is set up in a unit of this design where the engine is under the floor 
between the two axles. In the particular chassis used, the frame rails were 
so light that they deflected an inch at the center with only the weight of the 
mechanical parts. This meant that the body must be designed to carry this 
additional load as the chassis is tied to the body. 

The outriggers shown in Figs. 4 and 6 distribute the load to the body and 
are welded to the body posts and sills. The diagonal braces along the sides 
of the body between the sill and belt rail keep the body rigid without straining 
the side panels. 

All frame members are electric welded to form a unit construction. The 
posts are mill-rolled members of “T" cross section inches wide and deep 
with J/8-inch thick webs. The posts are formed to include half of the carline. 
These members are joined with a splice at the center of the roof by welding 
to form a continuous arch from the skirt line of the one side to that of the 
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other side. The longitudinal members are notched to fit the posts before they 
are formed. These members are threaded on the posts to their proper stations 
where they are welded in place. 

Fig. 7 illustrates the sill welded to the post. Stagger welds are used on 
wide sections to reduce warp age. The outside flanges flush with the outside 
of the post are welded on the inside to make a smooth joint. The long weld 
the width of the member close to the post is a butt weld used to join the 
lOfoot sill sections into a single rail. 

Stampings and castings are normally used by many manufacturers for 
various parts such as panels between windows, corner fillets, corner posts, 
hinges and brackets. This is impossible for the custom builder as not many 
units of one design may be built. 

Fig. 8 shows a steel panel of 20'gauge steel welded in place between the 
belt and window header. This panel is cut to shape and necessary sections to 
carry the sash and curtains are spot welded to it. The complete panel is tack 
welded in place to the two rails only. These joints are then soldered to make 
a smooth finish. This method has proved very satisfactory for fitting in various 
types of sash of special design. 

The front corner posts shown assembled to the body in Fig. 2 can be seen 



Fig. 9. Right front comer post. 








Fig. 10, (left). Back of right front corner post. Fig. 11, (center). Back of left front comer 
post. Fig. 12, (right). Lower door hinge. 


in more detail in Figs. 9, 10, and 11. Fig. 9 shows the posts welded in place 
before the welds are ground smooth. The left corner post is assembled in the 
same manner except that the entrance door header is replaced by a window 
header. The inside of the right corner post is shown in Fig. 10 in which 
can be seen the conduit through which the electric wiring is drawn. This 
conduit is also welded in place after bending. Fig. 11 shows the left corner 
post with the gussets and headers welded in place. The posts and headers are 
fabricated from pressed shapes spot welded and arc welded together to form 
unit members. 

The contour of the entrance door and the slope of the corner post required 
a different type of hinging than the usual piano hinge. A pair of fabricated 
hinges were designed to hold the door vertical when it was open. Fig. 12 
illustrates the design of the lower hinge in place on the corner post. The 
hinge point is several inches ahead of the back of the door post at this point. 
The outside cap is bolted to the door and it also covers the fabricated station¬ 
ary part of the hinge. The hinge is fabricated of J/g-inch steel plate formed 
to shape and electric welded. 

Many special brackets are required in the construction of the body of this 
type to properly support various types of equipment. The air conditioning 
engine, compressor, and condenser are mounted on the right side of the body 
opposite the engine and directly under the raised floor between the aisle and 
the side wall. Light-weight brackets are welded in place to support this equip- 
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ment between the chassis frame and body sill. Many brackets arc designed 
as the body construction progresses as it is impossible for the manufacturer to 
completely design all items required for the body assembly when there are 
a limited number of identical bodies to be built. 

Electric welding is a very handy tool for setting up the body frame as 
cross braces are normally used to keep the frame square during assembly. 
Angles are usually used for this purpose. A light weld holds these ties in 
place and allows them to be broken loose when they are no longer needed. 
This item alone is quite important as it is impossible at times to clamp ties in 
place. 

Many times the manufacturer of various types of equipment is not in a 
position to estimate the savings that might be anticipated from the use of his 
equipment as it is impossible to determine the exact use to which the equip¬ 
ment will be put. Experience indicates that the type of bus described should 
have exceptional performance over a period of time. This is brought out by 
comparative performance with equipment of the same load-carrying capacity. 
Maintaining schedules is very important and the operator’s experience shows 
that this bus is capable of operating at greater speed against adverse condi¬ 
tions that normally slow up other types of equipment showing that the weight 
per horsepower is very satisfactory for this operation. 

The welding time is a relatively small percentage of the total construction 
time required for the fabrication and assembly of a bus of this type. The 


Fig. 13. Air conditioned power unit. 
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hours of labor for the construction will vary with different manufacturers 
depending upon the experience of the men and the type of tools and machines 
used. 

The total number of labor hours was 2408 with the following break-down: 
welding time 79 hours or 3.2 per cent; fabrication and forming of pressed 
and sheared parts 132 hours or 5.5 per cent; forming of posts, angle iron frame 
rails and corner angles 21 hours or 0.9 per cent; fabrication of seats 428 hours 
or 17.7 per cent; painting 165 hours or 6.8 per cent; and remainder of all 
other work 1583 hours or 65.9 per cent. 

Most of the welding time is built up a few minutes at a time as most of 
the welds are very short in length. This makes it impossible to arrive at a 
cost of various types of welds that go into this type of framework. 

The actual labor cost not including overhead can be figured at $1 per 
hour as an average. This sets the labor cost of welding at $79 which is only 
3.2 per cent of the total labor cost. The increase in labor cost would mount 
rapidly by the use of riveted joints. First of all, the design of the body would 
be changed for riveted joints which would put a prohibitive design cost against 
one or two bodies. Additional time would be required to fabricate the joint 
gussets. More labor would be required to drill rivet holes and then two men 
would be required to drive the rivets. An estimate of 160 hours’ additional 
time for this work would increase the manufacturer’s cost $160 for a less satis¬ 
factory job. The completed bus would not have the same sales appeal because 
of appearance and construction. Many of the rounded corners and joints 
would be eliminated as there is no other satisfactory means of making a proper 
connection. 



Chapter V—Welding of Armor Plate for Tank Production 
By Edward G. Biederman, 

’Welding Engineer, Fisher Tan\ Division . General Motors Corp., Flint. Michigan . 


Subject Matter: Riveted tanks will not stand shell fire or shock. Arc welded armor 
plate can be made quicker, more satisfactorily and at lower cost. One electrode, referred 
to in the paper as “Electrode No. 2”, was first used without success, later another rod, 
referred to in the paper as “Electrode No. l’\ was found satisfactory to withstand 75 
millimeter shell fire. Many different angles and techniques used and illustrated. Fixtures 
were made so all welds are downhand. Much difficulty from internal stress. Much re* 
search was done and 45° bevels on both sides of fiat plates seem to be best. 


Welding of Armour Plate for Tank Production 

The arc welding process has opened an entirely new field of manufacture 
ing, that of welded tanks. The methods that have been developed can be used 
on every type of welded fabrication, in many cases to a big advantage on pres- 
ent work, and to a tremendous advantage on future fabricating work. 

Welded tanks are a necessity for saving human life. The riveted tank pre' 
viously made would not stand the shell fire or shock, and this reason was 
enough to bring a new and better method to the front. This country must 
have thousands not hundreds of tanks. The arc welding process was a logical 
choice. 

Through extensive developments, manufacturers are holding tolerances 
that have previously been asked only from the machine tool industry and are 
learning every day that if more effort is put behind welding fabrication, the 
demand for machine tools is reduced tremendously. Riveting requires many 
times the amount of machinery. Most important is that through welding we 
will be able to manufacture tanks in large volumes, not be dependent on large 
volumes of machine tools and not be dependent on inadequate foundry 
capacities. 

Welding eliminates hundreds of pounds of butt straps. This means less 
weight per horsepower and increase in performance. 

Welding process saves a large amount of machine tools due to flame cut 
edges and drilling of holes. 

Trials and Procedure Before Manufacturing Tanks 

1. We started welding operations with different ferritic welding rods. 
This ended in complete failure due to the high alloy and high hardenability 
of the armor plate, also, because we did not preheat and postheat or anneal. 
Failure was due to excess cracking at fusion £one and welded metal. Under 
shock firing above plates fell apart with first shot at about ~ foot seconds. 

Above tests did not go into detail of warpage or trying to hold limits for 
manufacturing due to the fact of failure of welds. 

If armor plate changes to low enough alloys and has low hardenability, 

36 



SECTION I—AUTOMOTIVE 


37 


ferritic rods should do the work, but at this date it does not exist for 
facturing facilities. It, also, will not pass ballistics and shock test as set up 
by the U. S. Army Ordnance. 

2. Tests were made with an austenitic rod. This rod was more successful 
and sound welds were made and passed Aberdeen proving ground. 

Using the above rods caused a series of troubles as root bead, cracking 
and excessive grinding and chipping. 

At this time alloys were hard to get and it looked as if a suitable rod would 
not be available for tank manufacture. 



Fig. 1. Shock test plate weldment. 

Welding electrode manufacturers started to develop a lower alloy rod 
which, for purposes of this discussion, will be known as “Electrode No. 1”. 
Extensive development was necessary for welding high alloy and high harden- 
ability armor plate. Better results were obtained as shown in the following 
tests: 

Less cracking in fusion zone. 

Less cracking in weld metal. 

It had better ballistics for weld deposit. 

But the deciding test is the shock test developed by Aberdeen proving 
ground. This consists of an (H) plate weldment 36 x 36 inch wedged into 
a standard and fired at by a 75 millimeter gun at 100 yards, (See Fig. 1) . The 
shell did not penetrate the weldment but was used to give the weld a very 
severe shock. It was found out that the electrode which shall be referred to 
here as “Electrode No. 2” would not stand the same shock as “Electrode No. 
1” would. The outcome was that besides saving alloys a better rod was found 
for manufacturing tanks. From here on “Electrode No. 1” was used exclu¬ 
sively except for tests with “Electrode No. 2” and an actual savings of 
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Fig. 2, (left). Unsuccessful type of plate preparation for tank manufacture. Fig. 3, (right). 

Single-V type weld which was discontinued except for test purposes. 

approximately 33 per cent was made in cost of welding electrode, and chrome 
nickel alloys. 

Welding Technique 

1. Present every day welding preparations were found lacking in manu¬ 
facturing tanks. This was due to tolerances that had to be held in manu¬ 
facturing and, also, the shock test demanded by Government and necessary in 
use. 

2. There are very few fabrications in low carbon steel or otherwise that 
must stand inspection shock test of a 7? millimeter shell or be held to such 
close tolerances in building. This meant a new development of plate edge 
preparation to keep warping to a minimum. 

All plate edge preparation is with the flame cutting method. This means 
flame cutting must be held at much closer tolerances. No edge for welding 
should be done otherwise because of the savings possible. If edges are ma¬ 
chined it means tying up machine tools, labor and takes a lot more plant space. 
It is almost impossible to estimate this savings in dollars and cents because of 
|the release of machine tools for other necessary work. It is tremendous. It 
has now been proven that a flame cut edge can be held within limits for tank 
building. 

3. The single V-15°, 20°, 30° or 40° has been in use as a standard plate 
edge preparation for normal welding fabrication. This preparation has not 
been successful for welded tank manufacturing, (See Fig. 2). 

4. This weldment was very unsatisfactory. Despite use of extensive fix¬ 
tures made to hold welded parts, warpage from shrinkage could not be con¬ 
trolled. After trying 20°, 30° and 45° single (V) was discontinued except 
for test purposes, (See Fig. 3). 



Fig. 4, (top left). Double-V weld. Fig. 5, (bottom left). Hoot bead. Fig. 6. (bottom right). 

Grinding root bead. 
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Reason for above failures of (V) edge preparation. Tanks must be fabri¬ 
cated by welding and hold tolerances of %4 -inch at places where parts bolt to 
tank such as front end drive, suspension wheel, idler bracket, turret ring and 
a lot of other assemblies. 

Close dimensions like these have never been held before on a fabricated 
part. They were always welded and then machined. If it was possible to 
machine different areas of the tank the machines are not available. That is 
why we must weld and hold tolerances just the same as machine parts. The 
double (V) was then adopted, (See Fig. 4). It must be understood that a 
double (V) takes double the edge preparation that a single (V) takes, but 
it was found to be the answer for weld strength and the only possible way to 
hold tolerances through out tank manufacturing on a production basis minus 
machine tools. The double (V) has been used before but never had to be 
held for tolerances such as tank production. Certain bead technique had to 




Fig. 7, (lop left). Copper bar inserted. Fig. 8, (top right). Weld in down hand position. 
Fig. 9, (second from top, left). Top side. Fig. 1ft, (second from top, right). Side of copper 
back-up. Fig. 11, (third from top, left). Ideal condition for receiving additional beads. 
Fig. 12, (third from top, right). Root bead test. Fig. 13, (bottom). Incomplete penetration. 
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be used to control warpage, and shrinkage as illustrated after root bead is 
welded part shrinks and that is when plates warp, (See Fig. 5). Welded part 
must then be turned over and weld from opposite side. This procedure must 
be followed to equalize stresses. When welded technique is used to equalize 
stresses it is then possible to hold dimensions without stress relieving and ma¬ 
chining. 

Development of the root bead was very important as the root of the weld 
is the foundation of a good weld. 

First root beads were welded with a 45° included angle and an opening. 
This is a very impracticable procedure as the weld metal runs through and 
the back side must be chiseled out or ground. Chiseling is very bad on stain¬ 
less steel as the metal is austenitic and work hardens and the chisel just 
pounds against a solid formation. This meant grinding all root beads as Fig. 6. 
This procedure meant 30 minutes of welding and 180 minutes of grinding. 
We then discontinued the procedure because it did not lend itself to manu¬ 
facture tanks. 

The next experiment of welding a root bead was with a copper hacking. 
Two plates were set up with a 45° included angle and an opening. A cop¬ 
per bar was then inserted in the under (V) and had about Hue inch clearance 
on each side, (See Fig. 7). It was then welded in down hand position from 
the top side, (See Fig. 8). 



Fig. 14, (top left). Strips welded from one side. Fig. 15, (second from top, loft). Chipping 
weld with chisel. Fig. 16, (top right). Gouging tip on acetylene torch. Fig. 17, (second from 
top, right). Chipped to diamond shape. Fig. 18, (bottom left). Complete penetration. Fig. 
19, (bottom right). Double 25° included angle with opening. 
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After root bead was welded, copper was taken out and the root bead was 
inspected from both sides. Fig. 9 was top side and Fig. 10 was side where 
copper received weld metal. If you look closely at Figs. 9 and 10 you will 
notice that no grinding or chipping is necessary, also where copper received 
weld metal there was a concave, which is an ideal condition for receiving 
other weld beads, (See Fig. 11). 

After this test of welding a root bead we felt as if this would lend itself 
to production, the reasons are as follows: 

The weld was made and there were not any voids, which make for an 
unsound weld, and also, weld was in condition for receiving other bead by 
just removing the slag. 



Fig. 20. Test of 50° included angle with copper back-up. 

The next test of a root bead was made with a mild steel strip between a 
double 25° angle with an opening, (See Fig. 12). This method eliminated 
weld metal coming through but left voids of openings between strip and weld¬ 
ment. This naturally was not good enough because it did not have complete 
penetration, (See Fig. 13). 

It was then decided to weld strip from one side, (See Fig. 14), and chip 
it out so a sound weld could be made, (See Fig. 15), but this procedure was 
eliminated because it was almost impossible to chip strip out of comers or 
around bulkheads in the tank. It was then thought to use a gouging tip on an 
acetylene torch gouging the strip out was better than chipping but this was 
difficult to maneuver around corners of the tank and it left a certain amount 
of carbon deposit that was a detriment to the weld. This was eliminated as 
not being good for production and quality weld. Fig. 16 shows flame-gouged 
strip. 

We then developed a stainless steel strip diamond shaped or oval that 
would not have to be chipped or flame gouged, (See Fig. 17). This was suc¬ 
cessful as it would lend itself to production and would also be good weld 
as complete penetration was possible, (See Fig. 18). With the copper back 
up and the diamond or oval strip we felt that here were two methods of pro¬ 
ducing a good weld with complete penetration for manufacturing tanks. 

Now it was time to develop the proper bevels for welding. You must keep 
in mind always that the heavier the plate the more welding rod is used. 

It was decided that a double 25° included angle with an opening would 
be tried as it would not use excess weld metal, (See Fig. 19). A copper back 
up was used on these plates. After a few of these test (H) plates were fired 
it did not look as if our welds were good enough. It was then decided to try 
an (H) plate welded with “Electrode No. 2” but, this plate failed quicker 
than the “Electrode No. 1” did under shock. 

Most all the breakage was what is commonly known as a fusion 
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FSg. 21# (bottom left). First in series of welded test plates. Fig. 22, (top left). Second test 
plate. Fig. 23, (top right). Third test plate. Fig. 24, (bottom right). Fourth tost plate. 

break. At this time we did not really know what a fusion sone break con" 
cerned. 

We then decided to make other tests using "'Electrode No. 1” and with a 
50° included angle with an opening, (See Fig. 20), with copper back up. 
After making a series of (H) welded plates this way we found that the fusion 
zone cracks were almost entirely eliminated. The welding, understand, was 
done with the same welder and using a weave technique. That told us that 
the bevel used was very important. Keeping in mind that we were welding 
a high'alloy armor plate with a high hardenability. 

We then decided to make a series of (H) welded test plates with different 
plate edge preparation. We felt that if the test plates failed so would the 
tanks fail. 

The first plate was prepared with 25° included bevels as shown in Fig. 21. 
The second plate was prepared with a 45° included bevel as shown in Fig. 22. 
The third plate was prepared with a top and bottom bevel of 90° included 
angle as in Fig. 23. The fourth plate was prepared with a top and bottom 
bevel of 104° included angle as in Fig. 24. All (H) plate weldments were 
welded with the same rod the same welder and all had a copper hacking bar 
such as the figures show. 



After these plates were shockffired, we knew that the bevel played a very 
important part in welding and manufacturing tanks. It showed that a lot of 
fusion zone cracks were because the bevel was too straight and the hard zone 
right at the fusion point would let go because it was almost in line with the 
line of shock. By keeping the hard zone from almost a direct line of fire we 
achieved very good results. 

These tests proved to us that no bevel should be less than 45° and that 
if at all possible we should avoid bevels on one side and straight on the other 
side. Welds will generally break through on straight side because hard zone is 
in line with shock, (See Fig. 25). All tests were made with same welder and 
same manufacturers 1 "Electrode No. V\ After these tests we knew which 
plate edge preparation was best. 



Fig. 25, (left). Hardened zone in line with shock. Fig. 26, (right). 45° included bevel with 

opening. 

The next step was to prove what armor plate was the best for welding. 
Four types were agreed on. After receiving 16 plates, four from each source, 
we prepared them all the same 45° included bevel with a root opening, (See 
Fig. 26). All 16 plates were welded with the same welder, same "Electrode 
No. I' 1 and the same technique. 

After this test we were able to determine the most weldable armor plate, 
and it also helps the armor plate manufacturer to make better plates for 
welding. 

We then decided it was time to find out which rod was the best for weld' 
ing armor plate. 

Again we took 16 plates but all from one source and decided to weld 
them as follows: Rod manufacture "A”, 4 plates, Rod “B” 4 plates. Rod "CT 
4 plates, Rod "D 11 4 plates. After these tests were completed we then knew 
which “Electrode No. 1” rod was the best. Also when we had this evidence 
the rod manufacturers changed their coatings and all are good rods now. 

Considering the cost of such welding, estimated savings from less rejects 
can be estimated only, but more than justify any cost of extensive experiments. 
A few more miles from each tank in actual use may mean actual winning a 
crucial battle. 

After having the experience and the data from previous tests, we started 
building fixtures and manufacturing tanks. As previously mentioned the one 
big problem was warpage and trying to control same. 

All the fixtures were designed so that all welds could be made down hand. 
Also, that fixtures would rotate and always make it possible to weld from both 
sides. This is necessary on account of equalising stresses. Fig. 27 shows a 
typical fixture. 

The first tank was welded on a surface plate and it was difficult to equalize 
welding from both sides. We immediately found that by neglecting equalizing 
technique our dimensions were very hard to control. Also, we had welds that 



sheared apart due to stresses from welding more on one side than the other. 
From the above trouble it was found that we must equalise the shrinkage 
stresses on all of our welds. It was then found that our dimensions were easy 
to hold and we did not encounter any more weld cracking or shearing from 
warpage or stress from welding. All fixtures are made so that each part is a 
sub-assembly, then checked O.K., so it can be set up in the next fixture easily 
and quickly. 

Welding technique to equalise stresses is the biggest factor of welding 
tanks after quality is determined. It means you can make sub-assemblies up 
before hand and know they will fit into the following fixture and assembly 
quickly. Also, when the tank is completely welded, it will stay in good con¬ 
dition longer. If you do not equalise the welding, undue strain at some point 
that is already strained to its maximum will fail. The weld break or twist to 
favor the stress. If the sub-assembly methods are used it will be possible to 
build many more tanks due to the fact parts can be welded any place and final 
assembly only involve a few fixtures instead of having all final assembly fix¬ 
tures. This is a very vital necessity in time saving, fixtures, floor space and 
machine tools. 



Fig. 27. Typical fixture to permit down hand welding. 


Another Vital Saving Is Made in Labor—Labor savings can be accom¬ 
plished as the smaller fixtures can be worked from the floor. The men must 
climb into the larger fixtures, so, in using more small fixtures and less large 
fixtures, your welders will be able to weld more inches per hour. This is 
important as welders will be scarce and estimated saving in this layout can 
be tremendous. 

The main objective is to produce tanks and armored vehicles in the least 
time possible and have equipment superior to any that will be met in combat, 
To accomplish this, the foregoing was worked out and recounted in this article 
for one purpose—TO WIN—and the following reasons to accomplish this: 

To produce quicker. 

To produce faster after starting production. 

To produce for less money. 

The real savings can only be determined on the value placed on our win¬ 
ning the final decision. 


Chapter VI—Small Truck for Loading Freight Cars 
By Elverton W. Weaver, 

Consulting Design Engineer, Towmotor Co., Cleveland, Ohio. 


Subject Matter: The truck was made 35 inches wide in order to 
clear 3-foot doors and with welded lifting arms provided on the 
front end. The capacity of the arms is 3000 pounds and they can 
store merchandise to a height of 15 feet. The truck is only 40 
inches long and has a radius of 70 inches. The cost of welded 
construction is 36 per cent less than riveted construction and one 
man can unload 150 tons of wood pulp per day from a freight 
car. 


In a recent issue of the United States News there appears an advertisement 
by the Santa Fe Railroad Company urging as a patriotic duty the conservation 
of railroad car operating time. Quoting from this ad, “Every 1 per cent in¬ 
crease in freight car utilisation gains 19,552 cars for war transportation,' 1 
Further along appears this statement, “Last year, with your help America's 
Railways increased the productivity of their existing freight cars by 23.7 per 
cent over 1940 . . . through increased efficiency on the part of railroads, 
shippers and receivers of freight." 

A considerable factor in these savings has been the use of mechanical load¬ 
handling equipment. The purpose of this paper is to discuss the main design 
problem in the development of a machine for this purpose and its clean-cut 
solution, made possible by the electric arc welding process. 

This machine, shown in Fig. 1, was brought out late in 1940 to meet the 
need for a smaller and more flexible unit. By its use, the loading and unload¬ 
ing of a car becomes a matter of minutes instead of hours. It has the ability 
to pick up and transport loads with speed and dispatch, threading its way 
along narrow aisleways. It will raise and deposit its load at any desired height 
up to 11 feet. In fact, it is a speedy, traveling elevator. 

Figs. 2 and 3 are photographs of the machine in action. That compactness 
is a prime essential in the design of a machine for this work is shown by Fig. 4, 
a diagram of its operation within the car. 

Machines of this general type are not new. In fact, the railroads pioneered 
in seeking an answer to quicker loading and unloading of cars. Quite an 
industry was built up to help them in the solution of this problem. The 
early trucks were all electric-storage-battery powered. This source of power 
in itself imposed definite limitations. The low platform lift did not permit 
of tiering loads and the construction was crude and bulky. 

In 1933, the company entered the lift truck field with the machine 
shown in Fig. 5. This was a fundamentally new combination of elements, 
each of which had been proven in other applications. These were: a, Gaso- 
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Fig. 2, (left). Loading truck in action. Fig. 3, (right). Handling news print. 


Fig. 1. The subject of study. 

line engine power, b, Driving wheels at the front end, steering at the rear, 
c. Hydraulic means for lift and control of load, d, Central seating for the 
driver, giving him full vision, comfort and safety; and e, An electric welded 
frame structure. 

That this is now practically standard construction for industrial trucks 
of this type speaks well for the vision of the head of the company and 
designer of the truck. This machine, as originally designed, was for 4000- 
pound load capacity at 24-inch load center. It was 40 inches wide, with 
56-inch wheel base, and had an overall length, less load, of 93 inches. Its 
overall height was 84 inches, and it could lift its load 52 inches. It had an 
outside turning radius of 96 inches. 

The marked savings effected in material handling where this machine 
was put into use brought a constantly increasing business to the company all 
through the depression years. Electric arc welding made possible the practice 
of "tailor making” each machine to fit the needs of the customer. Masts 














Fig. 4. Maneuvering diagram. 

were made of special heights to give any desired lift. Wheel base and other 
factors were modified so that constantly increasing capacity was obtained. 
Today, the machine is being built with wheel base up to 72 inches and 
capacity rating up to 10,000 pounds at 25"inch load center. See Fig. 6 for 
present example of this model. 

Early in 1940, the writer was given the task of the design of a smaller 
capacity machine. In addition to the five fundamentals (“a” to fct e" outlined 
above) tentative general specifications were laid down as follows: f, Maxi" 
mum capacity—three thousand pounds at fifteen inch load center; g, Most 
compact design possible and with minimum turning radius; h, Full accessi" 
bility to every service part; and i, Standardised construction to permit of 
mass production technique. The final specifications worked out to be: width, 
35"inch; wheel base, 40"inch; overall length without load, 70"inch; outside 
turning radius, 68"inch. Provision was made for mast heights to give lifts 
of 7, 9 and 11 feet. The most popular height proved to be the one that will 
nicely pass through a seveivfoot door and will lift to a height of nine feet. 

Not much need be said in regard to the general design of the truck, 
except that throughout the design electric arc welding has consistently been 
used—mast, carriage, tanks, cowl, etc. all being of welded construction. The 








Fig. 5, (left). 1933 model. Fig. 6, (right). Widely used type loading truck. 

unusual frame, made possible only by the arc welding process, is the 
particular reason for this paper. 

Construction of the older model at the drive axle is shown by the 
separate photographs, Fig. 7 and Fig. 8. The wide flanges close to the wheels 
will be noted on Fig. 7 of the axle, and the mating flanges on the frame are 
clearly shown on the left hand side of Fig. 8. The tubular bar just above 
at this point on the frame is for the mast hinge. 

In the design of the smaller model, it was desired to lower the driver's 
seat, thus giving easier access to the driver's position. This necessitated 
lowering the engine so that the crankshaft centerline was on a level with 
the top of the frame and the flywheel and its housing must lay between the 
two side members. 

The important functions of the frame are as follows. First, it must carry 
the mast with its load. Second, it serves as the platform on which all the 
machinery, power plant, etc. is mounted. It also provides space for the 
operator. Third, attached to the frame on the under side arc the springs, 
axles, wheels and other supporting elements. Fourth, the frame should 



Fig. 7. Drive axle. 










Fig 8. Springs mounted in frame. 

conform to the general design of the machine as a whole in a manner to 
easily promote an attractive exterior. 

With the machine width established at 35 inches to permit traveling 
through a threeToot passageway, the problem is one of apportioning the 
available space so as to provide for the functional demands. It is, of course, 
axiomatic that the design must be not only functionally sound but practical 
to produce. For production reasons, the frame side members should be 
kept parallel. The distance they must be separated is such as to contain 
the flywheel housing and related accessories. Nineteen inches was the 
width determined. The next factor to receive consideration was tires. 
For the expected load, a need for 10 inches is quickly and definitely settled 
by reference to manufacturers" 1 capacity rating table. 

The mounting of the mast provides for its backward and forward tilt 
























Fig. 11. Frame construction from underside. 


in order to properly handle the load. This tilting movement is by means of 
hydraulic operated cylinders attached to the frame. These actuate the mast 
through side arms located between the frame and the wheel. Structural 
requirements for these arms and clearance space require 1% inches on each 
side or a total of 3 x / 2 inches. There now remains from the original 35 inches 
only two and a half inches in which to provide for two rugged side members, 
and proper attachment of the frame to the axle structure. 

The problem was further complicated by the keen desire for short 
overall length of the machine. For efficient counterbalancing of the load, it 
is necessary to locate the carriage as close to the wheels as practical. The 
mast must be located between the wheels and hinged either on the frame 
or on the axle. There are, therefore, three elements clamoring for space 
at the same point: a, the axle for cross beam and gear housing space; b, 
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the frame for a rugged cross member; and e, the mast for a suitable hinge. 

The design, as it eventually worked out is shown in Fig. 9. Fig. 10 is a 
photograph of the frame, showing its front and side at this point. Fig. 11 
is a photograph showing the construction from the under side. Fig. 12 depicts, 
in perspective, the factors for which provision must be made and the pro¬ 
gressive build-up toward the sturdy, rugged unit that the frame becomes as 
the detail parts are electrically arc welded together. 

Referring to Fig. 12, at the upper left hand corner is shown the gear 
train, the shafts of which must be journalled with precise and permanent 
accuracy. Below in Fig. 12, is shown the typical automotive bevel gear differ¬ 
ential carrier, adjacent to which is shown a housing setup that might (but 





Fig. 12. Perspective drawing of important factors. 


does not) serve as a separate axle structure. At the right in Fig. 12, is 
shown, in related position, the frame elements. Basically, the frame consists 
of four pieces. The two longitudinal members—A-l and A-2—are made 
from common 8x8x%-inch structural angle. Note how the flange sections 
are cut to form clearance space for the wheels. The keyhole shape in the 
top flange is for the hydraulic tilt cylinder. The holes at the extreme left are 
bored to fit the turn pilots on the end of the axle housing B. As the distance 
between the shoulders on this cast steel housing and the length of the rear 
cross member—C, are both nineteen inches, the setup of the frame for 
welding is extremely simple. Inserting the housing pilots in the bored 
holes—making sure that the finished face of the housing is in proper angular 
relationship with the top line of the frame—locating the three-inch thick 
rectangular block C at the rear in its proper position—clamping the parts 
together, the job is ready for welding. Fig. 9 shows the weld beads both 
inside and outside of the angle web, as the parts are joined at this point. 

The alignment of the wheel carriers (D-l and D-2) with the housing (B) 
is by means of a combination alignment and clamping bar, which fits the 
accurately reamed holes in the above parts. Before welding, the carriers 
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are properly positioned relative to each other by inserting the mast hinge 
bar (E). AH three are now brought into proper relative position to the top 
of the frame, tightly clamped and welded. This second stage of the welding 
process must be performed with care, as on its relative accuracy depends the 
quietness and life of bearings and gears. 

Considerable credit must be given to welding engineers for encouraging 
us to proceed along these lines and in helping us to make it a success. The 
balance of the welding job on the frame is quite conventional and requires 
no comment. 

While we feel that the factor of production costs is of minor significance 
as compared with performance characteristics of the machine, cost records 
show an appreciable saving. The table given below deals only with those 
factors directly involved and does not show total costs. 


Axle structure . 

Old Design 

New Design 

. $ 57.20 

$46.12 

Bevel gear housing unit . 

. 59.25 

40.60 

Frame structure . 

. 22.58 

3.13 

*Welding on Frame @ 14.3$ per ft. 

2.46 

1.19 

Assembly Details—bolts, etc. 

. 1.60 

00000 

Or a saving of 36.4% 

$143.09 

$91.04 


*The average cost of depositing a single pass J4 inch or inch fillet weld 
bead is 14.3 cents per foot on this sort of work, in our plant at this time. 


It is, therefore, apparent that on the 329 machines produced in the eighteen 
months since the introduction of this model, there has been a saving of 
$17,124.45 to the manufacturer. With increased production to meet growing 
demand, this saving will be augmented. 

A more important factor is the saving to the users of the machines. 
To quote a few specific examples: 

1— "One man with this machine regularly unloads 150 to 175 tons 
of wood pulp from freight cars to storage per eight hour day, in place of 
5 to 15 hand truckers." 

2— "Manufacturer of concrete blocks, with a single machine, holds to a 
production schedule of 600 blocks per hour, carrying 72 blocks (1872 
pounds) from machine to kilns—kilns to yard—and returns the empty racks 
to the block machine. This job cycle, covering 300 to 350 feet, averages 
seven minutes and twenty seconds." 

3— ""The ability to store in an accessible manner material to a height 
of 15 feet removed the necessity for the construction of another storage 
warehouse, the projected cost of which was $120,000." 

War effort is largely a matter of moving material. That effort is now 
absorbing our entire output. The government is putting up a new plant to 
greatly increase our production. How to compute the dollar value now or 
to estimate its future sphere in peace time is beyond my power. Suffice to 
say, the process of electric arc welding has here shown—as in so many other 
cases—value beyond measure. 








Chapter VII—Streamlined Fire Truck 
By James W. Fitch, 

Automotive Engineer, Kenworth Motor Truc\ Corp., Seattle. Wash. 



Subject Matter: Design and construction of a streamlined fire 
truck of welded steel to accommodate equivalent equipment in a 
28-foot length that formerly required a truck 62 feet long. All 
parts are enclosed to minimize hazards of city traffic and room for 
7 men is provided in the cab. The required light weight, strength 
and stiffness were accomplished by welded construction. Other 
methods of construction would be more expensive and impractical. 


James W. Fitch 


The long, undulating, weird sound of the siren puts everyone on the alert 
these days. From childhood to manhood, man has learned to recognise this 
danger signal. When a child, the siren sound may have brought delight, 
because it was a chance to see the old steam, horse-drawn fire engine come 
thundering down the street. Today, this same siren sound still causes much 
excitement. But instead of seeing the horse drawn fire engine of years ago, 
the spectator now sees a streamlined engine that is a far cry from the steamer 
of old. 

This trend in modern design has been caused by many things, chief among 
which is the growth of our cities. As the population increased and more 
people migrated to the cities, a congested condition was soon evident. This 
was augmented by the improvements in motor transportation. With the 
mass production cycle in the automobile, truck and bus, the congestion in city 
streets became worse and worse. Many fires were out of control before fire 
apparatus could arrive because of traffic conditions. It has often been said 
that any fire could be put out with a bucket full of water if put on soon 
enough. 

Many foresighted fire chiefs recognized the danger involved by trying to 
fight fires with apparatus that was no longer suitable for the job. 

This resulted in the design of modern streamlined apparatus that could 
be rushed through congested areas in a minimum of time. 

Change in the design of fire apparatus was not easy. Like many other 
worthwhile improvements, this new design had to prove itself. Many were 
reluctant to try, because of the increased cost of modem apparatus. 

The idea of modern fire apparatus, (Sec Fig. 1), would probably have 
“died in the bud 11 , so to speak if it were not for the men who dared to excel 
in new enterprise. In this particular case, it was a matter of applying welding 
to the manufacture of fire apparatus. 

The changing of a basic design in the modernized vehicle industry is 
usually a costly one. When this change is made on an item that will not be 
produced in quantity lots, then the cost almost prohibits the manufacture 
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of this item. So^ it was with us. Our first estimates included pattern cost, 
castings, layout for riveting and bolting and the costs were extremely high. 
It was doubtful whether we could make a piece of apparatus for a reasonable 
price. It was necessary, then, to attempt a new kind of construction that 
eliminated many of our overhead costs. 

Second, it was necessary to reduce the size of the apparatus into a closed 
compact unit, (See Fig. 2). This also indicated welded construction. 



Fig. 1. The last word in modern efficient fire-fighting equipment. 


This particular type of truck was to be known as a triple combination 
city-service truck, which we will hereafter refer as to a “T.C.C.S.TT The 
truck was to do the work that was formerly done by a truck and trailer 
that was approximately twice as long. It was not only asked to replace this 
tractor-truck but it was to do so with better performance and maneuver- 
ability. The overall length was to be cut from approximately 62 feet to 28 
feet. The new apparatus was to house a crew of seven men in the cab whereas 
the old apparatus provided room for only three men in the cab. The re¬ 
mainder were required to find a place wherever possible. Provisions had to 
be made to enclose all equipment from weather and dirt. 

In order to arrive at a satisfactory design in modern fire apparatus, it was 
necessary for us to use a pancake engine. This gave us a very compact frame 
construction, and also gave a more compact unit as well as a low center 
of gravity. 

Considering the various points outlined, a welded design was attempted 
and was based on the following assumptions of what welding would do: 

1, Save pattern costs; 2, Give a more flexible design; 3, Allow streamlining 
body appearance; 4, Enable us to speed the delivery date of the vehicle; 
5, Save weight which would mean better performance; and 6, Provide for a 
safer unit. 

With these points in mind, the preliminary drawings were made. In some 
places, welding was not practical and conventional practices were followed. 
This was especially true where parts were required to be removable or were 
heat treated. In both cases, however, many of the component parts were 
welded. 

Social Advantages —Oftentimes a split second may be the deciding factor 
in saving a life. It is the saving of this precious time that has prompted the 










design of this vehicle. The clear visibility from inside the cab gives the 
driver a commanding view of the road at all times. Plexiglass windows are 
used over main windshields. The apparatus is, thus, able to respond to an 
alarm with the maximum of safety, especially where the traffic is congested 
and the streets narrow. 

By welding the body and chassis together, a mono-unit type of com 
struction is accomplished. 

Without this type of construction, the chassis frame would have to be 
increased in weight approximately 50 percent. 

Although no accurate analyses have ever been made because of indeter¬ 
minate stress distribution in the body, experience has given us a fair indica¬ 
tion of this stress distribution. Any critical stress in the frame that may 
cause a part to reach the elastic limit is transferred to the body. The body 
acts as a large tube which is able to absorb the stress without harm. This 
welded type of construction also assures us of a torsional resistant structure 
for the same reason. Because of this rigidity, the wear and tear on such 
parts as radiator, engine, engine supports, brackets, tanks and equipment is 
reduced to a minimum. 

The total cost of this type truck exceeds the cost of the conventional 
truck, but the advantages of the modern truck more than make up for the 
price differential. It is the opinion of many fire chiefs that the trend in fire 
apparatus is truly to this type of equipment. This belief is substantiated by 
fire equipment that is now being produced. We feel that we have contributed 
a fair portion to this development. 

Superiority of Streamlined Truck—The Kenworth streamlined “T.C. 
C.STV' provides a new high in fire-fighting equipment efficiency. It also 
provides better protection for the fire-figh'ting crew. 

The streamlined body is compact with no protruding parts. It is possible 
to operate the truck without fear of hanging up on a pump nor^le or ladder 
hook. The clean, smooth welded surface of the body provides the utmost 
safety against cuts and bruises that may result from operating a conventional 
unit. 

All equipment is enclosed and arranged in accordance to its use. Each 
compartment is provided with a quick-opening handle, which automatically 
turns on a light inside of the compartment. All compartments are labeled so 
that equipment can be easily located. All equipment can be kept well 
arranged, clean and in good operating condition. 

Cab forward offers best visiblity in all directions and is especially signifi¬ 
cant when making a turn. In the cab-forward truck, the driver can execute 
the turn without having half of his truck out in the middle of the street as is 
the case with the conventional truck. 

Large safety glass windows all around give ample visibility in all direc¬ 
tions. Plexiglass observation windows directly over the windshield give ample 
overhead visibility when approaching a fire. 

The forward compartment provides storage for hose that can be drawn 
from either the right or left hand side of the truck. This adds versatility 
and efficiency in fire fighting. 

The pump compartment contains a separate panel properly illuminated 
for all gauges and other instruments used in operating the pump. All controls 
are effectively located for efficient operation. Rear suctions are provided 
for operation on narrow streets or wharves. 

Motor pump, water and fuel tanks are mounted amidship, and at a low 
height above the ground. This effects a low center of gravity, as well as a 
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better balanced truck, and makes possible maximum stability and best riding 
qualities under all conditions. This fire truck can be operated without fear 
of overturning, because of top-heaviness. Even weight balance assures 
greater safety in making turns on slippery roads, because of the increased 
traction on the turning wheels. 

The Kenworth streamlined truck makes possible a shorter wheelbase 
(approximately 5 feet shorter than conventional models). This assures 
greater maneuverability heretofore impossible with the large, bulky, long- 
wheelbase fire truck. The Kenworth fire truck eliminates possible accidents 
from running over curbs or traffic buttons. It makes possible greater safety 
at faster speeds through congested traffic. The Kenworth fire truck has 
approximately 9 feet shorter turning radius than other conventional fire 
trucks of the same capacity. 

This fire truck is monocoque-constructed, that is, the frame is made 
integral with the body. This assures the lightest weight with the most 
strength. The light weight assures better performance at lower cost. 



Fig. 2. Rear view showing over 400 ieet of ladders. 


-Welding- -The welding cost is broken down into two parts 


chassis are as follows: 

1 Air tank hanger 

2 Compressor hangers 

3 Pump controls 

2 Front engine cross-members 
2 Rear engine brackets 
Exhaust pipe 
Frame 
Out rigger 

in Photos, Figs. 3, 4 and 5. 
of ^-inch fillet welds. 


Cost Data- 
as follows: 

1. Chassis: The all welded parts of the 
2 Front spring brackets 
Gussett 

Steering gear bracket 
Auxiliary tube support 
Front shackle bracket 
Rear spring bracket 
Boost tank 

Miscellaneous brackets 
Rear suction pipe 

The main parts of the chassis are shown 
This amounts to approximately 112 feet 




2. The welded parts of the body are: 


Body structure and skin. 1500 inches 

Compartments . 500 inches 

Ladder racks .—-... 500 inches 

Miscellaneous welding . 500 inches 


3000 inches 

Approximately 250 feet of J/^inch weld. 


This amounts to a total of 362 feet of Ya and J/8'inch welds. 

Welding Costs 

Welding crew: 

Fitter . $1.00 per hour 

Welder . 1.00 per hour 


$ 2.00 

Total Welding cost: 

Time required at 5 feet per hour average 72.4 hours 
Layout time . 40.0 hours 

112.4 hours 
at $ 2.00 per hour 


$224.80 

Cost of material \ 17 nn 

at .06$ per pound—200 pounds j 

$236.80 

Plus 25% overhead. .. 59.20 


$296.00 

Pattern Weight 


Cost Data—Other Construction Cost pounds 

Front spring bracket right and left.$ 25.00 20 

Steering gear bracket ... 15.00 15 

Auxiliary tube support, including brackets..., 25.00 30 

Front shackle bracket . 25.00 50 

Front engine cross member. 35.00 30 

Rear engine brackets. 40.00 40 

Rear spring brackets and cross member. 35.00 40 

Rear suction fitting. 50.00 40 

Air tank hangers... 20.00 20 

Pump controls . 40.00 25 

Compressor hanger ... 25.00 20 


$335.00 330 

(The above costs based on similar parts previously cast.) 

2. The additional machining required on castings is usually a grinding 
operation or, in some cases, a shaper operation. Because rolled plate is 
used in the welded parts. These operations are seldom necessary. This 
amounts to four hours, based on actual experience. 

3. Additional cost of material, (estimated weights), when castings are 
ordered in quantities the cost average is 12 cents per pound. The material 
cost amounts to $39.60. 
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Fig. 3/ Frame parts at front end clamped for welding. Fig. 4, (right). Welded brackets 

at rear of frame. 


4. Assembly Crew: Time required Chassis 

Bucker .$ 1.00 Body 

2 Helpers @ .S0^. 1.60 


$2.60 


24 hours 
48 hours 

72 hours 


Cost Estimate by other means of Fabrication 


Pattern cost.$335.00 

Material cost. 39.60 

Labor . 187.20 


561.80 

Plus 25% overhead.... 140.45 


$602.25 


Eliminating Pattern Cost 
= $267.25 

Plus amortisa¬ 
tion of patterns 

for 10 trucks = 3 3.50 per truck 


$300.75 


Comparison of Fabrication costs 


Non-welding fabrication .$602.25 

Welding fabrication . 296.00 


Gross saving by welded construction....$306.25 


With overhead applied 
to carrying stock pat¬ 
tern, etc. The cost 
would be approx, the 
same for both types of 
fabrication. 


This is 49 percent of the non-weld construction. 

In addition to this, the cost of additional support and braces would 
have to be figured. The castings riveted or bolted to the structure would 
not suffice because of the rigidity required in the frame. This is particularly 
true on the front part of the frame, (See photo. Fig. 3). Here the welded 
construction ties in the frame rails, radiator supports, front spring drive 
brackets, steering gear bracket, auxiliary tube supports, and also acts as a 
body outrigger. 

It is difficult to determine how this particular assignment can be accom¬ 
plished by any other means of construction. Therefore, no monetary estimate 
can be given. This particular advantage is carried out in many places, be¬ 
cause only in this way can a compact unit be made. 

Within a wheel base of 220 inches and an overall length of approximately 
f 28 feet, this unit carries the equipment that would ordinarily have to be 
carried by two trucks. The two trucks would have a combined wheel base 
of some 400 inches, and would be approximately 62 feet long. 

Thus, welding not only makes the unit more compact, but also makes 
possible the points of superiority listed previously. 
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The following examples give a general cross section of the various parts 
used on this particular model. These small pieces were chosen because they 
were drawn on a convenient size for use in this article. 


Hand Brake Bracket 
Non-Weld Construction 


Pattern cost . 

.$12.00 

Material ... 

. 2.00 

Machining . 

. 3.50 

Layout. 

. 1.00 


$18.50 

Second piece cost ..... 

. 7.00 


Weld Construction 
Welding cost 15 feet assembly $1.00 

Material cost ...... 1.00 

Machining ..... 1.00 

Layout and shearing . 2.50 


$5,50 

Welding cost figured at 4 feet per 
hour @ $1.00 per hour. 

Saves 70% for one piece. Saves 
20% for more than one. 

Overhead figured the same on both parts. 


Drive Bracket 


Front Spring 


Pattern cost.....$12.00 

Material. 4.00 

Machining . 10.00 

Layout. 2.00 

$28.00 

Second piece cost.$16.00 


Welding .$1.00 

Material . 2.00 

Machining. 8.00 

Layout. 3.00 

Bending and Shearing.. 2.00 


$16.00 

Saves over 40% for one piece. 
Cost equal for more than one piece. 



Fig. 5. Welded frame construction. 































Fig. 6. Advances in fire apparatus—right. 1900; center. 1920; left. 1940. 


Transmission Case Mounting 


Riveted Construction 

Welding __ 

.$2.00 

Riveting time 2 hours....$5.00 

Material ..... 

. 1.75 

Material .-.. 1.75 

Machining . 

.... 2.50 

Machining . 2.50 

Layout and Shearing . 6.00 

Layout and Shearing .. 

.... 2.50 

$8.75 

$15.25 

Riveting crew $2.50 per hour. 
Riveting would require additional 
plates and flanges and general re¬ 
design of part. This would make 
the piece heavier and bulkier and 
not as rigid. 

Saves over 40% over 
struction in this case. 

rivet con 


The above percentages do not take into consideration the decrease in 
cost of welded parts for quantity production or even 10 parts. Welded 
parts cost based on 1 unit. 


Exhaust Valve Shift Lever 


Non-Weld Construction 

Weld Construction 


Pattern cost. 

...$12.00 

Welding . 

$1.00 

Material . 

... 1.00 

Material ... 

.50 

Machining. 

... 3.00 

Machining . 

1.00 

Layout... 

... 1.00 

Layout . 

LOO 



Bending and Shearing ... 

1.50 


$17.00 



Cost of second piece 

. 6.00 


$5.00 


Saves approximately 70% for 
one piece. Approximately equal 
for more than one piece. 

Therefore, it can be said that for first models or experimental models, 
welding is by far the most economical method of construction. Even when 
the pattern cost of the pattern is amortized over ten to twenty castings, the 
cost of the welded part compares favorably. This does not take into account 
the other advantages derived by using welding as outlined elsewhere in this 
paper. 

Compare the modern welded truck with the old type in Fig. 6. 





















Chapter VIII—Wheel Mounting for Racing Automobile 

By E. W. Jacobson and F. F. Versaw, 

Design Engineer and Shop Superintendent, respectively, 

Gulf Research and Development Company, Pittsburgh, Pa. 


Subject Matter: Construction of a welded 
steel wheel mounting for a four-wheel 
drive racing automobile. Two radius arms 
support the wheels transmitting shock 
loads to the mounting. Highly stressed, 
chromium molybdenum, SAE X-4130 steel 
used to reduce weight. Since no differen¬ 
tial was provided, additional stresses would 
come on the steel mounting. Considerable 
saving in cost over cast steel construction, 
together with far more satisfactory per¬ 
formance result. 


This paper describes how use of arc welding solved a very difficult design 
problem in the wheel mountings of a frame for a racing car. The nature 
of the problem was such that only by using arc welding could a satisfactory 
design incorporating the necessary lightness, extremely high strength, com¬ 
pactness, and reasonable cost be achieved. 

The authors hope that the procedure outlined will prove to be a valuable 
guide in fabrication of similar highly-stressed structures not,, only in the 
field of special-purpose automotive frames, but possibly in aircraft parts 
where light weight and high strength are of prime importance. 

The arc welded wheel mountings were a vital part of two special race 
car frames, (See Fig. 1), designed to mount a pair of high-output, high-speed 
automotive-type engines for use in the Indianapolis Memorial Day auto races. 

Figs. 2 and 3 show views of a right front wheel mounting bracket. Fig. 4 
shows the parts which were arc welded together to form this bracket. Fig. 
5 shows the parts before assembly into the frame. Fig. 6 shows the completed 
frame. Fig. 7 shows a front view of the completed chassis. Fig. 1 shows the 
rear view of one of the completed racing cars. 

These engines were mounted in four-wheel drive chasses with individually 
sprung wheels. On the frame first used with this type engine, the fuel tanks 
had been mounted outside the main frame side channels. For the 1941 race, 
the speedway officials ruled that these tanks must be protected either by 
mounting within the boundary of the frame or inside of the frame side rails 
themselves. 

The frame design selected was that using a box girder section side rail, 
housing two fuel tanks, one just forward and one just behind the center 
crossmember with the arc weld-fabricated wheel mountings in each end of 
these box-girder side rails. 

The design which this replaced used a channel-shaped side rail with steel 
casting wheel mountings at either end of each rail. The new frame was 
required to have a weight comparable to the old simple side rail design and 
to provide mountings for the wheels, engine, etc., which were already made. 
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The new arc weld-fabricated wheel mountings herein described were the 
most vital part of this box-girder frame. 

The stress picture in the wheel mountings was complicated by several 
factors. Each of the front wheel mountings was bolted directly to an alumi- ' 
num differential case which tied the front of the frame together. The rear 
wheel mountings were bolted to the transmission case which was integral 
with the engine assembly. The wheels, all four of which were individually 
driven, were suspended from the wheel mountings by two radius arms 
each. These radius arms, which were supported by needle-bearinged pivot 
shafts in the arc welded mountings, carried all the stresses arising from the 
wheels, directly to the wheel mountings. These transmitted stresses arose 
from any one or a combination of the following: 1, torsional load arising 
from application of the wheel brakes; 2, horizontal bending and thrust loads 
due to the wheels driving the car forward; 3, horizontal bending and thrust 
loads due to the wheels slowing up the car when the brakes were applied; 
4 , horizontal bending and thrust loads due to the wind-up between the front 
and rear wheels when going around curves. There was no differential action 
provided between the front and rear wheel drives, so that when on curves 
the wheels, each rolling on a different radius, would turn at different rates 
for short periods. This tended to produce forces which would try to 
change the center distance between the front and rear wheels to compen¬ 
sate. The forces would build up until tire slippage relieved them; 5, the 
inner ends of the two cantilever springs on each wheel placed high stresses 
in the spring support pads; 6, each upper radius arm pin was keyed to the 
radius arm and was lever-connected to a hydraulic shock absorber, which in 
turn was fastened on the wheel mounting. (See Fig. 7) ; 7, each lower radius 
arm pin was connected to a friction-type shock absorber which was also 
bolted on the wheel mounting. (See Fig. 7); 8, the front brackets carried 
the steering gear supports and thus absorbed all the steering loads; and, 
9, the rigidity and stiffness of the box-type frame section tended to centralize 
the shock loads in the highly-stressed sections of the wheel mountings. 



Fig. 1. Rear view 1941 race car. 
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STUDIES IN ARC WELDING 




Fig. 2, (left). Right front mounting bracket. Fig. 3, (right). Another view of the right front 

mounting bracket. 

It was quite evident from the stress analysis of the possible combinations 
of the above loads that material of extremely high strength would be required 
if the weight was to be kept within reasonable limits. It was also apparent 
that the choice of fabrication lay between arc welding or cast construction 
if the piece were to adapt itself to mounting of the mechanical parts already 
made. The complicated nature of the wheel mounting required by the many 
fastenings for other parts, coupled with the low weight requirement neces' 
sitated material thickness of not greater than l/ghnch for the most part, 
with thicker sections only allowed where extremely high stresses required. 

Cast construction was abandoned in favor of arc^welded construction 
because of the following reasons: 1, the complicated nature of the bracket 
made possibility of securing reasonably sound castings improbable, if not 
impossible; 2, experience with the steel castings used in the simple previous 
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Fig. 5. Frame parts. 

design had been partially unsatisfactory; 3, there was not enough time to 
experiment with steel casting methods; 4, strength tests on cast metal could 
not be made satisfactorily, without actual destruction of a casting. Tests on 
one casting would not insure that the strength of another similar casting 
would be satisfactory; 5, only by use of arc welded construction would it be 
possible to stress sections close to the safe calculated limits to keep the high 
strength-weight ratio required; 6, by use of arc welding, physical tests of 
sample weld specimens would give close criteria of safe working loads; 7, the 
cost of a pattern of such a complicated steel casting would exceed the arc 
welded fabrication cost of the small number of wheel brackets required; and, 
8, a high-strength alloy steel which could be satisfactorily arc welded and 
heat-treated was available in SAE X-4130. 

Chromium molybdenum SAE X-4130 steel was selected because of its 
excellent welding properties, high impact-to-tensile-strength ratio, its recep¬ 
tiveness to heat-treatment, and its ready availability. Fig. 4 shows the 25 
separate pieces which were shaped from SAE X-4130 sheet stock and bar 
stock to make up the wheel mounting brackets. Most of the pieces were 
!4'inch thick while some were made from % G -inch thickness where required 
for strength. The spring support pads, parts 13 and 14, were made from 
%-inch-thick bar and the radius arm bearing bosses, parts 3, 4, 5 and 6, were 
made from l^dnch-diameter bar stock. All the sheet stock was used in 
the as-rolled condition. Bending and forming operations on the sheet stock 
were made at an elevated temperature, the parts to be formed being heated 
to a low red heat to prevent cracking at right angle bands, with excellent 
results. 
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Electrodes in the hsdnch-diameter si^e were used in all the arc welding 
operations. This rod was selected because of its smooth welding qualities 
and response to heat treatment like SAE X-4130. Before welding was started, 
two standard A. S. T. M. welding samples were made from J/g-inch x 1-inch 
stock. These pieces were joined by 60° V-groove butt welds, the pieces first 
being preheated to 400° to 600° F., and allowed to air-cool after welding. 
Following welding, these samples were machined to VVinch width at the 
weld and the excess weld material removed. They were then pulled in a tensile 
machine with the following results: 

Tensile Strength Elongation in 2 in. 

Sample 1 90,880 p. s. i. 2.5% 

Sample 2 107,200 p. s. i. 5.5% 



Fig. 6. Completed frame. 

These tensile strengths were considered satisfactory since tensiles of only 
70,000 to 80,000 pounds would normally be expected in such welds without 
heat-treatment subsequent to welding. The elongation was somewhat lower 
than desirable, but this would undoubtedly be improved by proper heat- 
treatment after welding. Following these tests, it was decided to use V-groove 
welds only where high strength was required. Plain fillet welds were used 
where stresses were low. Single-pass welds were used throughout. 

Very simple fixtures were used to hold the parts in place for welding. 
Two hollow spacer bars and two 1-inch threaded rods were used to hold 
the side plates, items 1 and 2, in position. The rods were run through the 
radius arm bearing bosses, items 3 and 5, and 4 and 6, and pulled up with 
the spacers between. This simple assembly was clamped to a surface plate 
as required throughout the assembly operations to insure proper alignment. 
Individual parts were held in place for welding by clamps as required. 
Locating pins were used to assemble the spring pads, items 13 and 14, as 
they had to be machined before assembly, and their location was quite 
critical. 

The order of assembly and welding of the parts after preheating to 
400° to 600°F. before each weld was made, was as follows: (See Figs. 
2, 3 and 4). * 

1. Spring pads, items 13 and 14, were assembled on the side plates 1 and 

2. The locating pins were peened over to assure proper location and a screw 
was used to hold the inner ends in place. These parts were not welded in 
place until later. 

2. Assemble and weld reinforcing rings, items 16 to plate 1 and items 17 
to plate 2. 

3. Assemble the inner radius arm bearing bosses, items 3 and 4 in plate 1, 
weld inside to plate 1 and outside to reinforcing ring, item 16. 
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4. Assemble outradius arm bearing bosses, items 5 and 6 in plate 2. Weld 
inside to plate 2 and outside to reinforcing ring, item 17. 

5. Assemble spring pad support plates, items 11 and 12, and weld both 
sides to side plates, items 1 and 2. 

6. Assemble side plates 1 and 2 with the spacer bars and rod bolts in 

position and clamp this assembly face downward on a surface plate for 
alignment. . 

7. Assemble reinforcing plates 7 and 8 and weld in position, both sides, 
to items 1, 2, 3, 4, 5, 6, 11 and 12. 

8. Assemble back plate, item 15, and weld to side plates, items 1 and 2; 
then to reinforcing plates, items 7 and 8; then inside to spring pads, items 13 
and 14. Complete welding of spring pads to side plates, items 1 and 2. 



Figr. 7. Front view race car. 

9. Assemble inside top angle plate, item 18, in position and weld to 
side plates, items 1 and 2, then to item 7, both sides. 

10. Assemble lower inside angle plate, item 10, and weld to items 1 and 
2, then to reinforcing plate, item 8. 

11. Assemble upper outside angle plate, item 19, and weld to side plates, 
items 1 and 2. 

12. Assemble lower outside angle plate, item 20, and weld to side 
plates, items 1 and 2. 

13. Assemble steering support angle section, item 9, and weld to items 
10, 18, 19 and 20. 

14. Assemble spring pad support stiffener, items 21, and weld to items 
11 and 12, 13, 14 and 7. 

15. Assemble positioning ring, item 22, and weld to item 15. 

After welding was completed, the assembly was heat treated. The spacer 
bars and rod bolts were left in position during the heat treating operation 
to hold the assembly from distorting. The heat treatment consisted of 
normalising at 1,600° to 1,650°F. and drawing at 1,000° to 1,10Q°F. to 
secure a hardness within 200 to 225 Brinell hardness number. Sandblasting 
to remove scale was the next step. 
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In order to determine the presence of cracks, holes, or general porosity 
in the welds at the highly stressed parts, X-ray pictures were taken of the 
welds around the radius arm bearing bosses and the spring pads. These 
X-rays showed excellent welds. 

All the eight brackets came through the above fabrication and heat 
treatment with negligible distortion, for the most part less than -inch. 
Only one or two brackets needed to be hied a small amount to be made to 
fit. The only machining required was a milling machine operation to face and 
bore the radius arm bearing bosses, a lathe operation to turn and face the 
positioning ring, item 22, and drilling of the bolt holes for assembly to the 
frame sections. Figs. 5, 6 and 7 show clearly the position of finished wheel 
mounting brackets in the frame of the car. 



Fig. 8. Original cast steel bracket. 


Costs—In the building of the two racing cars, costs of construction 
was secondary to performance. In racing automobiles of this nature, the 
vital problem is to make all parts just strong enough to meet all the stresses 
and abuse to which they are subjected during a certain known period of time. 
These cars were built to last out the 500 miles of terrific punishment in the 
Indianapolis Memorial Day race. Elimination of all unnecessary weight was a 
vital necessity. Therefore, materials with the greatest strength-weight ratio 
were used throughout. The materials and methods used in building the wheel 
brackets described above gave the utmost strength and lightness possible 
in meeting the very severe stress conditions. The success of this type of 
construction was adequately borne out by the absence of failures or trouble 
of any kind with these wheel brackets during preliminary testing or in 
actual racing. 

As stated previously, cast steel construction was a possibility. Fig. 8 
shows one of the steel castings used in the first frame design which incorpo¬ 
rated a channel section side rail. Comparison of the two pieces (Figs. 2 
and 3 and Fig, 8) indicates the greater complexity of the shape of the new 







SECTION 1—AUTOMOTIVE 


69 


arc welded bracket over the old cast steel design. Had the new brackets 
been cast, four separate patterns would have been needed. On the basis 
of the cost of the pattern for the old-type bracket ($311), each of the four 
new patterns would have cost approximately $350 each, or $1400 for pat¬ 
terns alone. Casting cost for the old-type bracket was $6 each in lots of 24. 
This many would need to be purchased to be assured of getting eight reason¬ 
ably sound castings. This cost, then, for castings for two cars would be 


Patterns, 4 at $350.00.=$1,400.00 

Castings, 24 at $6.00.= 144.00 

TOTAL.$1,544.00 


The cost of making eight arc-welded brackets was 
Material 

400 lbs. SAE X-4130— .at 18<£lb.=$ 72.00 

16 lbs. Electrode .at 25^* lb.= 4.00 

Handling charge, 10%.= 8.00 $ 84.00 


Labor 

Fabrication of pieces 

8 units at 22 man hrs. ea. at $1.00 per hr....=$176.00 

Welding 

8 units at 16 man hrs.—Welder at 

$1.00 per hr.= 128.00 
8 units at 16 man hrs.—Helper at 

$0.75 per hr = 96.00 


Overhead charge, 40% on labor.= 160.00 560.00 


Fixtures 

2 bolts and 2 spacer bars (Labor and Mat.).= 4.00 

Power 

150 Kw. hrs. at 2tf.= 3.00 


TOTAL COST. $651.00 


Heat treatment and sandblasting is not figured in, as practically identical 
treatment would be given to steel castings as to the arc welded brackets. 

The actual cost saving with arc welded construction was, then, $1,544 
less $651 or $893 for the eight brackets. This savings in cost was only 
incidental to the more important factor of increased strength and safety 
of the arc welded construction over the cast construction. 

Were such a complicated jffece to be made in quantity production, the 
pattern cost for a cast steel unit would be charged off to a considerable 
number of pieces which in turn would bring the unit price way down. 
However, offsetting this apparent advantage would be the very low cost 
of punch-press fabrication of the pieces making up the welded unit, and 
the economies of production-line welding. It is believed that even in quantity 
production the cost advantage would still be in favor of arc welded 
construction. 














Chapter IX—High-Speed Dirt Movers 
By G. J. Storatz, 

Assistant Chief Engineer, The Heil Co., Milwaukee, Wise. 



Subject Matter: Construction of an all welded high-speed scoop 
for earth excavation. The scoop is supported by four rubber-tired 
wheels and can travel on hard pavement. It is considerably 
lighter in weight than the former cast steel design. The unit 
will travel twice as fast as formerly, thus saving cost of earth 
excavation of $.02 per yard or 50 per cent. 


G. J. Storatz 


The use of a scraper unit, pulled by crawler tractors, for excavating and 
grading operations has gained recognition and acceptance to a considerable 
degree within the past 15 years. The reason for this development is the 
fact that scraper operations are economically sound, and if properly located, 
the scrapers will pay for themselves quickly and easily. As a result of this 
advancement, many interesting developments have taken place in the de¬ 
sign of scraper units, and a great many different makes and models are now 
being offered. 

During the past few years, there has been a considerable demand from 
contractors as well as governmental departments, engaged in projects for the 
national defense program, for a scraper pulled by rubber-tired tractor units. 
Their specific demands were for a unit which could be used on long and 
short hauls with equal efficiency. A growing need has also been expressed 
for a unit which could operate on, as well as be transported over, the high¬ 
ways. Tractors with cleats are prohibited on all highways. Therefore, a 
rubber-tired tractor unit will enable road-building contractors to move this 
equipment over practically any highway. (See Fig. 1). 

One of the largest demands for this unit to date has been in the construc¬ 
tion of airports where it is necessary, in the course of the work, to run over 
the present runways. These rubber-tired units can do this without causing 
any appreciable damage to the runways. With the present national defense 
program, it has been increasingly necessary to move dirt at high speeds in 
the construction of large munition plants, army camps and roads leading 
to and from these camps. As a result of these demands, the scoop was 
developed during 1941 and is, at present, being used extensively on these 
projects. (See Fig. 2). 

The outward appearance of our newly-designed scraper does not differ 
greatly from that of the old model. However, the basic changes have been 
the substitution of high tensile steels for mild steel, and the elimination of 
practically all steel castings. In fact, the new design uses only six pounds of 
castings as compared to approximately 3,261 pounds in the former design. 
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Fig. 1. Side view of high-speed scoop. 

Due to the fact that the rubber-tired tractor does not have the traction of a 
crawler tractor, it was necessary to conserve weight wherever possible. In 
designing the scoop, it was necessary for us to redesign our former scraper 
in such a manner that there was a saving in the deadweight of the unit. 
However, the unit had to be strong enough to carry a load of dirt which 
would be comparable to a crawler-tractor-drawn unit of the same sise. 

It was also necessary to keep in mind the economical aspect since, in 
redesigning this unit, we had to consider keeping the price of the unit in line 
with our competitors’ prices. The high tensile steel could be used only 
where an appreciable reduction in weight was possible, consequently, our 
manufacturing costs did not vary greatly due to the use of thinner-gauge 
high-tensile steel instead of heavier-gauge mild steels. Since practically all 
of the castings were replaced with welded steel plates, an additional decrease 
in the weight of the newly-designed unit was achieved. 

In following this practice, an appreciable saving of weight was accom¬ 
plished which, in turn, resulted in a saving in manufacturing cost. In view 
of the fact that our shop is primarily a “plate shop”, it is good economical 
practice for us to fabricate the majority of our parts of welded-plate design 
and thereby avail ourselves of our manufacturing facilities. 

The weight of a crawler-tractor-drawn unit was approximately 21,000 
pounds, and the weight of the redesigned unit was lowered to approximately 
18,700 pounds, or a nine per cent saving in dead weight. Both model scrapers 
were capable of transmitting a net weight of 30,000 pounds. 

The following paragraphs will analyse the design of the component parts 
of the scraper, showing where savings in cost and weight were effected. The 
component parts of a scraper are as follows—1, bowl assembly. 2, movable 
floor assembly. 3, rear lift link assembly. 4, front apron assembly. 5, front 
lift frame assembly. 6, front lift arm assembly. 7, wheel assembly; and 8, 
push bumper assembly. 



Fig. 2. Operating views of high-speed scoop. 
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Bowl Assembly, (See Fig. 3) :—The bowl is the main part of the scraper 
since its function is to carry the load. It is made up of two sides joined by 
cross members to form a box-like structure. The front part of the side sheet 
consists of a V^'inch plate welded to a I/^-inch plate. The front part of the 
side sheet is constructed of a heavy material for two reasons,—first, it is the 
leading edge of the bow r l and is subjected to constant impact as it goes 
through the soil while the unit is in operation. Second, it must carry a welded 
box-section cross member. The lower front part of this side is made of a 
%-inch plate. The front part of this plate does the side cutting or routing 
as the scraper digs. This part of the plate is hard faced with an abrasion- 
resisting weld. This hard-surface coating can be replaced as wear occurs. 
In the former design, a high-manganese casting was bolted on at this point 
to take the abuse. (See Fig. 4). 

Also attached to this plate is the heavily-reinforced box-section type of 
cutting edge. This cutting edge is subjected to all the wear and tear in the 
digging operation of the unit. The remainder of the side sheet is made of 
J/ 4 -inch plate reinforced with horizontal and vertical box sections. The pur¬ 
pose of these reinforcements is to prevent these sides from bulging out due 
to the hydrostatic pressure of the load, and to form a rigid box section con¬ 
struction around the whole bowl. With the use of welding, it was possible 
to combine various-gauge plates in such a manner that the heavy plates could 
be placed in the position where they were needed. In this side, we used 
plates of three different thicknesses. These plates were located in such a 
manner that the highly-stressed portions of the side were made of heavy- 
gauge plate to take the load imposed on them. Where lesser loads occurred, 
thinner-gauge reinforcing mateiial was used. This type of construction tends 
to eliminate the use of uniform-size plates throughout. 

The two sides of the bowl arc joined together by four box section-type 
cross member are welded to the front V^-inch side plate. Corner box-section- 
y$'inch U-shaped plates welded together with a double-pass Vee weld. 
These U-shaped plates arc beveled before welding. The ends of this front 
cross member are welded to the front l/^-inch side plate. Corner box-section- 
type gussets are welded to this cross member and to the side plate 

so that there is no concentration of stress on the weld. 

To the middle of this cross member we have welded two ears which 
carry a cross tube and into this particular tube a link mechanism has been 
inserted. This link, which is connected to the bowl at this point, controls 
the lifting and lowering of the bowl and regulates the depth of the cut as 
well as the height of the spread. 

The front member must also carry the upper track assembly. This track 
assembly consists of two U-shaped front beams, the lower parts of which 
are welded to the front cross member and the tops of which are welded to 
the top sheave housing. These members are welded to form an “A” so as to 
give a wide bearing at the bottom, thereby resulting in a rigid track assembly. 
The track assembly itself is of a box-section-type construction made of high 
tensile steel. 

The rear lift link runs along this track. This rear lift link is connected to 
the movable floor which in turn carries the load of dirt. During the dumping 
cycle, this whole weight is borne by the track through the medium of the 
link. The rear part of this track assembly is rigidly welded to the top rear 
cross member of the bowl. 

The top rear cross member and bottom cross member are U-shaped plates, 
welded to a common sheet to form the rear of the bowl. These box-section 
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cross members, being welded to the sides of the bowl, make a box-section con¬ 
struction which holds the bowl in perfect alignment. 

To these cross members the rear axle assembly is welded. This rear 
axle assembly, which carries the wheels, must be thoroughly reinforced and 
of sturdy construction since it carries 55 per cent of the total weight of the 
scraper and pay load. (See Fig. 6). 

The rear axle assembly consists of two %-inch side plates. A hole is 
burned out in these two plates to decrease their weight. These side plates 
are joined together by a common plate which in turn is welded to a rear cross 
member. This cross member has a bracket on each end which carries the 
wheel axles. These brackets were originally made of cast steel, but on the 
present unit they are burned out of 5-inch plate. This rear axle assembly 
is attached to the rear cross members of the bowl by means of box-section 
gussets on the top and bottom. A construction of this kind tends to prevent 
"■stress raisers 1 ’ which are caused by sharp comers or rapid changes in section. 
The rear lower cross member of the bowl also has welded to it five lV-yinch 
extensions which support the movable floor in its lowest position. 

The fourth cross member is also the cutting blade bed and is a heavily- 
trussed structure permanently and rigidly welded to the bottom front part 
of the bowl. This was originally a cast steel member but it is now a triangu¬ 
lar-shaped member made up of lJ/^-inch and 1-inch plates. The welds on this 
cutting edge are made in several passes and a technique had to be developed 
in the welding procedure so that when this member was finished it was 
straight and not curved or twisted. We ran into considerable difficulty on 
this in some of our first attempts. Upon examination of Fig. 7, the welding 
procedure used in this construction can be readily seen since the passes are 
listed numerically. 

The following method of calculation was used in arriving at the costs 
of the various welds employed in the construction of our scraper units. 

Calculation 

Labor .$1.00 per hour 

Power .02 per K.W.H. 

Electrode.095 per pound 

Efficiency of machinery. 5 0 Per Cent 

y 4 " Butt Weld 

Labor == Labor/Hour = 1.00 

Welding Speed Ft./Hr. 45 = .0222 

Power = (Amp.) (Volts) (Cost/KWH) 

(Efficiency) (Welding Speed Ft./Hr.) 1000 
= 200 x 30 x .02 = .0053 

.50 x 45 x 1000 

Electrode = (Amount of Electrode/Ft.) (Cost/Lb.) 

= .225 x .095 = .0214 

Overhead = 200% Labor .0444 

Total Cost per Foot of Ya” Butt Weld .0933 

The costs of the various welds, using the above calculations, are as 
given in Table I. This cost per foot of the various welds will be used in the 
calculation of the subsequent assemblies. 
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Fig. 4. (left). Side view of scoop during fabrication. Fig. 5, (right). Top view of scoop 

during fabrication. 


Table I 


Description of Weld 


Cost Per Foot 


J4" Butt 
!4" Vee . 
]4" Lap . 
14" Fillet 


$0.0933 
. 0.223 
. 0.0641 
. 0.1118 


Butt . 0.1105 

% 6 " Vee . 0.25 3 9 

% e " Lap . 0.0838 

6/ie" Fillet . 0.1238 


34" Butt . 

V&" Vee .. 
34" Lap .. 
%" Fillet 


0.1269 

0.3298 

0.1048 

0.1600 


Table II—"Welding Cost Analysis of the Bowl Assembly 


Old Construction New Construction 


Description of Weld 

Ft. Weld 

Cost 

Ft. Weld 

Cost 

J4" Butt 

20' — 2" 

$ 1.89 

21' 

— S" 

$ 2.03 

!4" Vee 

14'— 2" 

3.16 

25' 

— 0" 

5.57 

!4" Lap 

28'— 4" 

1.80 

27' 

— 6" 

1.75 

14" Fillet 

91'— 8" 

10.25 

125' 

— 0" 

13.97 

%e" Butt 

27'— 3" 

3.01 

19' 

— 5" 

2.14 

% 6 " Vee 

5 3'— 7" 

13.63 

43' 

— 9" 

11.13 

Lap 

2 S'— 4" 

2.38 

17' 

— 8" 

1.48 

Fillet 

192'_ 2" 

23.75 

182' 

— 1" 

22.51 

Y&" Butt 

8'— 4" 

1.06 

6' 

— 8" 

.85 

3/ 8 " Vee 

168' — 6" 

55.61 

153' 

— 4" 

50.60 

3 /&" Lap 

5 5' — 10" 

5.83 

38' 

— 6" 

4.02 

3 /e" Fillet 

192'-— 11" 

30.79 

184' 

— 3" 

29.42 

Total Cost 


$153.16 



$145.47 

TOTAL SAVING 

= $7.69 





Listed in Table III is a comparison of the plate used in both constructions, 
and the resulting savings in material weight and cost. 

Cost of high tensile steel plate based on price of 314 cents per pound. 

Cost of mild steel plate based on price of 2 : /2 cents per pound. 



















14" 

.mild steel . 

. 2015 

$ 50.38 

190414 

$ 47.61 

5 /ie" 

mild steel . 

. 1230 

30.75 

773 

19.32 

Vs" 

mild steel . 

. 1362 

34.05 

951 

23.77 

Vi" 

& up mild steel . 

. 3641 

91.03 

302114 

75.54 

!4" 

manten steel . 



210 

6.82 

B Ae" 

manten steel . 



215 

6.99 

¥&” 

manten steel . 



302 

9.81 



8248 

$206.21 

7377 

$189.86 


Total Saving in Weight = 871 lbs. 
Total Saving in Cost = $16.3 5' 


By substitution of weldecbplate construction in place of castings, consider" 
able savings were realised over and above those previously mentioned. One 
of the most important savings was on the cutting edge bed plate as shown in 
Fig. 7. 
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Table IV 

Casting Design 


Weight of casting = 1682 lbs. 

Cost @ .15 per Lb.$252.30 

Machine labor, 8 Hrs. @ $1.00 per Hr. 8.00 

Overhead @ 200% of Labor. 16.00 


Total cost.—.$276.30 


"W elded Design 


Weight of steel plate = 1436 Lbs. 

Machine labor, 7J/2 Hrs. @ 1.00 per Hr.$ 7.50 

Machine burning, 5.6 Hrs. @ 1.00 per Hr. 5.65 

Welding labor, 18.5 Hrs. (a) 1.00 per Hr. 18.50 

Grinding and cleaning labor, 4 Hrs. @ .60. 2.40 

Overhead @ 200% of labor. 68.10 

Power and cutting costs. 4.09 

Electrode cost, 84|/ 2 Lbs. @ .095. 7.98 

Hard facing electrode cost, 15 Lbs. (3) $2.00. 30.00 

Steel plate cost @ 2j/2$ per Lb. 3 5.90 


Total cost.$180.12 

Total savings in weight = 246 Lbs. 

Total savings in cost = $96.18 


A further saving resulted from elimination of the high manganese steel 
router casting. This router casting was replaced with an abrasion-resisting 
welded plate. 

Table V 

Side Router Casting 


Weight of casting =110 Lbs. 

Cost of casting @ 22$ per Lb.$24.20 

Grinding, 24 minutes @ .75 per Hr.30 

Drilling, 1 Hour (a> 1.00 per Hr. 1.00 

Overhead (a) 200% of labor. 2.60 


Total cost.$28.10 


Welded Design 


Weight of steel plate = 90 Lbs. 

Machine burning, 1 Hour @ 1.00 per Hr.$ 1.00 

Welding labor, V/4 Hrs. @ 1.00 per Hr. 1.2*5 

Grinding, 20 minutes @ .60 per Hr.20 

Overhead @ 200% of labor. 4.90 

Power and cutting cost.70 

Electrode cost, 8 Lbs. @ 2.00 per Lb. 16.00 

Steel plate cost, 90 Lbs. @ 2 1 / 2 $ per Lb. 2.25 

Total cost.$26.30 


There are two of these router castings used on a scraper unit there- 
fore, the total saving in weight is 2 x 20 pounds, or 40 pounds total,— 
or a saving of $1.80 x 2 = $3.60. 

The total savings on the whole bowl assembly as shown in Tables IL 
III, IV and V listed above, is $123.82, or 18 per cent. 

Total saving in weight = 1,157 pounds. 

Total saving in material and labor cost = $123.82 or 18% 


Movable Floor, (See Fig. 8) —The movable floor is the second important 
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Fig. 7. Welding procedure on cutting edge. 

part in the design of a scraper. This assembly forms the bottom support 
for the load. It is hinged in front on the front cutting edge of the bowl, 
and the back of it is supported on the extensions on the rear cross member 
of the bowl. The top sheet of this movable floor is designed in one piece of 
% 6 -inch high-tensile plate where, previously, %-inch mild steel was used. 
Across the back of the floor are two horizontal box-section members, and 
the rear cross member rests on the extensions of the bowl. 

Along the front part of this floor, longitudinal reinforcements are skip 
welded. These extend perpendicular to, and butt up against, the front 
rear cross member. The front part of these supports is welded to tubes, and 
these tubes form a hinge with the tubes which are welded on to the cross 
blade of the bowl. These reinforcing cross members taper from 2 V 2 dnch.es 
in depth at the pivot end to 7 inches in depth at the point where they connect 
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with the rear cross member. This is to increase the section modulus in the 
same proportion to which these beams are loaded, and this can be readily 
accomplished with a welded plate design. Through the middle of the front 
rear cross member a l l / 2 'inch plate is welded. This is the point to which 
the lift link is attached, and all the pull is exerted at this point when the 
scraper load is discharged. Where the reinforcing members of the floor 
meet the front rear cross member, pointed butt straps are used. These butt 
straps are pointed at both ends in order to obtain more weld length instead 
of a concentration of weld. 




Welded to the rear cross member are tubes which tend to form a hinge 
connection with a flapper plate. The object of this flapper plate is to scrape 
the rear of the bowl clean after each operating cycle. The rear cross members 
are fulbwelded to the floor plate, but the reinforcing members are skip 
welded. This floor has not been changed materially from the previous design 
except that high tensile plate has been substituted for mild steel, resulting 
in a weight saving of 158 pounds. 


Table VI—Movable Floor Assembly—Cost Comparison 


Old Construction New Construction 

Description of Weld Ft. Weld Cost Ft. Weld Cost 


!4" Fillet . 9' — 5" 

Yu" Vee . 10' — 0" 

Yu" Lap . 25'— 0" 

Yu" Fillet . 50' —- 2" 

y&" Fillet . 23 ' — 4 " 

Total cost ... 

Total saving = $1.19 


$ 1.05 

9' 

— 5" 

$ 1.05 

2.54 

10' 

— 0" 

2.54 

2.10 

25' 

— 0" 

2.10 

6.26 

71' 

— 0" 

8.79 

3.72 




$15.67 



$14.48 
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Table VII—Comparison of Material Used 


Old Construction New Construction 

Description Weight, Lbs. Cost Weight, Lbs. Cost 

14" mild steel . 2 V/ Z $ .69 2V/ 2 $ .69 

s/i 6 " mild steel . 576 14.47 576 14.47 

¥b” mild steel . 965 24.12 245 6.12 

l/ 2 " and up mild steel. 68 1.70 68 1.70 

high tensile steel . 562 18.26 

Total cost .1636j/ 2 $40.98 1478J/ 2 $41.24 

Total saving in weight == 158 Lbs. 

Total loss in cost = 26d 

Total saving in movable floor as shown in Tables VI and VII 
Total saving in weight = 158 Lbs. 


Total saving in material and labor cost = $.93 or over 1%. 

Rear Lift Link Assembly, (See Fig. 9)-—The rear lift link assemblyTs the 
mechanical connection between the movable floor and the track assembly 
on the bowl. The movement of this link is actuated by a cable which is 
wrapped around the two sheaves in the upper part of the link. In view of 
the fact that this link is in tension at all times, its construction was simplified 
over that used in the previous design. It now consists of two side sheets 
separated by two plates, one welded straight along one end, and the other 
having a single bend and welded for most of the distance along the other 
end, causing this structure to be of a box-section construction. On the lower 
end of the link, where it connects with the movable floor, one washer is 
welded to each one of the side plates so as to secure enough bearing area 
for the connecting pin. 



Fig. 10. Front apron assembly. 


In the upper end of this rear lift link, a tube is welded, which serves 
as. the hub for the bearings supporting the two rollers traveling up the 
track- A 3 x l^/^'inch. bar is welded to the upper end of this link. This 
serves as a bumper or stop when the link has reached its max im um position. 
The upper part of the link also has a separator plate welded in so as to form 
individual housings for the two sheaves which are located at this point. The 
saving realised on this construction was through making the hub of tubing, 
welded to the side sheets, instead of using a casting. By making this a reinforced 
box section type of design, a material saving in weight was also realized. 
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Table VIII—Rear Lift Link Assembly 


Old Construction New Construction 


Description of Weld 

Ft. Weld 

Cost 

Ft. 

Weld 

Cost 

!4" Vee . 

. V — 6" 

$ .33 

V 

— 0" 

$ .22 

'A" Fillet .-. 

. 2'—11" 

.33 

2'- 

— 2" 

.24 

W Vee . 

. O'—10" 

.21 




Vie' Lap . 

. 3'— 0" 

.25 




5/ 16 " Fillet ... 

4'— 0" 

.50 




Vi” Lap . 

. 2' — 6" 

.26 

4' 

— 2" 

.43 

w Fillet . 

.. 12'— 1" 

1.93 

10' 

— 10" 

1.72 

Total cost. 


$3.81 



$2.61 

Total saving = $1.20 







Table IX— 

Plate Comparison 





Old Construction New Construction 

Description Weight, Lbs. Cost Weight, Lbs. Cost 


!4" mild steel . 15 $ .38 12]/ 2 $ .31 

%6" mild steel . 45 1.13 

mild steel ._. 225 5.63 199 . 4.97 

V% and up mild steel .. 12 .30 24 .60 


Total cost. 297 $7.44 2351/i $5.88 

Total saving in weight = 611/2 Lbs. 

Total saving in cost = $1.56. 


The hub was changed from a cast to a welded tube design. The com¬ 
parisons in Table X show the savings effected. 
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Fig. 12, (left). Cut-away view of front gooseneck. Fig. 13. (right). Front view of lift frame 

during fabrication. 

Table X—Cast Design 


Weight of casting = 12 Lbs. 

Cost of casting, 12 Lbs. (5) .18 per Lb.$2.16 

Machine labor % Hr. @ 1.00 per Hr.75 

Overhead @ 200% of labor. 1.50 


Total cost .$4.41 


Welded Design 


Weight of tubing — 9 Lbs. 

Machine labor, J /2 Hr. @ 1.00 per Hr.$ .50 

Welding labor, 9 minutes @ 1.00 per Hr.15 

Grinding and cleaning @ .60 per Hr.15 

Overhead @ 200% of labor. 1.60 

Power and electrode cost.15 

Tube cost, 9 Lbs. @ 8^ per Lb.72 


Total cost .$3.27 

Savings in weight = 3 Lbs. 

Savings in cost == $1.14. 


Total savings on rear lift link assembly, as shown in Tables VIII, IX 
and X are as follows: 

Total saving in weight = 64J/S Lbs. 

Total saving in material and labor cost = $3.90 or 24.8%. 

Front Apron Assembly, (See Fig. 10)—The main function of the front 
apron assembly is to retain the load during the transportation cycle. This 
assembly is made up of two reinforced side arms which are inter-connected 
in front by a reinforced plate, and the back portions of these side arms 
pivot about a trunnion pin welded into the sides of the bowl. The lower 
tip of the front sheet is outwardly reinforced by an “L” section made of 
%-inch plate and welded to form a box section. This is the part of the 
front apron which is subjected to the most abuse. 

The remainder of this apron is constructed in such a manner so as to 
form horizontal box sections which tend to make the apron torsionally strong 
so that it will not distort when carrying its proportional share of the load. 
Skip welding was employed wherever possible in this new design so as to 
effect a saving in labor cost. Another saving was made by constructing the 
inside lower cross plate out of thinner-gauge high-tensile material. 
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In the previous design, a hardened-steel cutting bit was bolted along the 
lower tip of the front apron. In our present design, we use a little heavier 
crauge material in our “L'^shaped box section, and we weld a wearing tip 
on it with abrasion-resisting weld. A saving of material resulted in the 
elimination of this hardened-steel cutting bit as well as the labor connected 
with the drilling of holes and attaching of this bit. A bracket, which carries 
the operating sheave, is welded in the center of the front apron. 



Table XI—Front Apron Assembly 


Old Construction New Construction 


Description 

Ft 

. Weld 

Cost 

Ft. Weld 

Cost 

14" Vee . 

. 29' 

— 2" 

$ 6.51 

30' — 0" 

$ 6.69 

14" Lap . 

. 15' 

— 0" 

.96 

12' — 6" 

.80 

!4" Fillet . 

. 58' 

— 5" 

6.53 

51' — 3" 

5.73 

%e" Vee . 

. 11' 

— 3" 

2.86 



Lap . 

. 13' 

— 4" 

1.12 



Fillet . 

.... 10' 

— 0" 

1.24 



3 A" Vee . 

. 17' 

— 11" 

5.91 

20' — 0" 

6.60 

3 /s" Lap . 

. 9' 

_ o" 

.96 

10' — 0" 

1.05 

Yt" Fillet . 

....... 18' 

’ — 4" 

2.93 

10' — 6" 

1.68 

Total cost.. 



...$29.02 


$22.55 

Total Saving=$6.47 







Table XII—Plate Comparison 


Description 

Old Construction 

Weight, Lbs. Cost 

New Construction 
Weight, Lbs. Cost 

14" mild steel . 

. 140 

$ 3.50 

187 

$ 4.67 

%e" mild steel . 

... 360 

9.00 



34" mild steel . 

. 240 

6.00 

181 

4.52 

Vl and up mild steel. 

.. 1600 

40.00 

1640 

41.00 

14" high tensile steel..... 



230 

7.47 

Total cost . 

.. 2340 

$58.50 

2238 

$57.66 


Total saving in weight = 102 Lbs. 
Total saving in cost = 840 
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A saving was also brought about by eliminating the high carbon cuttin 
edge. A comparison between our old and new designs is given in Table XI! 

Table XIII 


Weight of high carbon edge = 127.5 Lbs. 

Cost high carbon edge and bolts.-.$25.50 

Machining of holes, % Hr. @ 1.00 per Hr.75 

Assemble blade, 40 minutes @ .75 per Hr.50 

Overhead @ 200% of Labor. 2.50 


Total cost .$29.25 


Present Design 


Welding labor @ 1.00 per Hr.,$ 3.57 

Overhead @ 200% of Labor. 7.14 

Electrode Cost, 8 lbs. @ 2.00 per Lb. 16.00 

Power Cost .25 


Total cost .$26.96 

Total saving == $2.29 


Total savings on front apron assembly, as shown in 

Tables XI, XII and XIII are as follows: 

Total saving in weight = 229J/2 Lbs. 

Total saving in material and labor cost = $9.60, or 8.2%. 

Front Lift Frame Assembly, (See Fig. 11)—Another one of the highly 
stressed parts in the scraper is the front lift frame assembly. This assembly 
must be able to transmit all of the tractor drawbar to the cutting edge of the 
scraper as well as carry 45 per cent of the weight of the scraper plus the 
weight of the bowl. The front lift frame must be strong and rigid torsionally. 
Consequently, this member is made up wholly of reinforced box section, 
and the majority of the plates used in its construction are high-tensile steel. 

The two side arms of this lift frame are made up of U-section type plates 
welded to a second plate to form an enclosed rectangular box section. These 
arms taper in both dimensions, increasing in section so as to be able to have 
a section modulus big enough to carry the load imposed upon them. These 
two side arms have additional plate reinforcements welded inside at the 
points of maximum stress. Full corner welds are used along the length of 
these side arms. During fabrication, these side arms are welded in pairs. 
They are placed in a jig which holds the two ends together. Any tendency 
for one arm to warp during welding is prevented by the other and, con¬ 
sequently, both arms are straight after welding. 

A bearing is attached to the lower end of the side arms. This bearing, 
in the new design, is burned out of lV^dnch plate. One 54-inch washer 
is welded on each side of this bearing in order to secure the calculated bear¬ 
ing area. In this manner, a strong bearing is secured, which can be very 
easily manufactured from relatively inexpensive plate instead of expensive 
castings. A pin going through these bearings connects them to the sides 
of the bowl, and it is about these pins that the bowl pivots in order to secure 
the depth of cut and the height of spread. 

The front ends of these side members are welded to the front cross 
member. This front cross member is made in two halves which weld to 
a lJ4"inch plate at the center, and the outside ends of these cross members 
are securely welded with a double pass weld to the side arms, (See Fig. 12). 
These front members are made up of U-section plates welded together. 
These plates are chamfered for a heavy Vee weld. The front cross member 
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also tapers, being largest where the maximum stress occurs. Equally spaced 
at the center of this cross member are two ears made up of 54-inch plate 
securely welded to the cross members. These plates carry cast iron trunnion 
bearings in which the front lift arm, that carries the bowl, pivots. 

A large box-section type of gusset reinforces the corner where the side 
arms and the front cross section members are joined. This corner gusset 
helps stiffen the front lift frame torsionally at this point as well as to elim¬ 
inate a stress concentration at the corner. 

Connected to the center of the lift frame and extending downward is 
the so called ‘■‘■goose-neck, 1 ’ (See Fig. 13). Down through the center of the 
gooseneck is a l*/ 4 -inch plate. This plate extends down just far enough 
to allow clearance for the swivel yoke. The other part extends back far 
enough so as to connect with the two halves of the front cross member. This 
front gooseneck is also of a box-section construction, the sides of which are 
welded to the front cross member. The front, and rear sheets of the goose¬ 
neck pass up over the top and bottom of the front cross member, forming 
a butt connection. Slots are cut in these sheets so as to plug weld them to 
the \)A inch center rib. 

The assembly of this gooseneck is accomplished in the following manner. 
First, the two halves of the cross members are welded to the l^dnch plate, 
then the front and rear sheets of the gooseneck are welded in turn to the 
1 54-inch plate and to the front cross members, (See Fig. 12). Next, two 
plates are welded down the center of the lJ4j.-inch plate tying the cross 
members to the center rib and preventing a corner concentration of weld. 
In the bottom part of the gooseneck is a bearing block which consists of a 
tube welded to two plates. This welding is done before the assembly is put 
into the lower part of the gooseneck, and then the whole assembly is welded 
to the front and rear’sheets. After this is accomplished, then the two side 
sheets of the gooseneck are welded to the front and rear sheet as well as to 
the front cross member. The welds along the gooseneck are corner welds. 

% 6 x ly^inch slots are punched in these side sheets for plug welds 
which tie the side plate to the inside reinforcing plate. A corner box-section 
type of gusset ties this side sheet to the front cross member, reinforcing the 
corner. In the upper part of this gooseneck, spacer plates are welded to carry 
the various sheaves which control the operation of the scraper. A swivel 
clevis is inserted in the bottom part of this gooseneck. Originally this swivel 
was made of an alloy steel casting. In the present design, it is constructed 
of 4V2dnch burned plate which has two 2-inch ears welded on to it to form 
this clevis. A saving was brought about in this change. The majority of 
the plates in the front lift frame are now made of high tensile steel, resulting 
in a weight saving. 

Table XIV—Front Lift Frame Assembly 


Old Construction New Construction 


Description 

Ft. 

Weld 

Cost 

Ft. 

Weld 

Cost 

Va" Vee . 

. 13' 

— 9 " 

$ 3.07 

10 ' 

— 0 " 

$ 2.23 

Va" Fillet . 

. 17' 

— 11 " 

2.00 

15' 

— 0 " 

1.68 

V&" Butt weld .. 

. 39' 

— 7" 

5.04 

35' 

— 2 " 

4.47 

%” Vee . 

.. 72' 

— 11 " 

24.06 

57' 

— 1" 

22.59 

Va" Lap . 

. 78' 

— 0 " 

8.17 

47' 

— 8 " 

4.98 

V&" Fillet . 

.156' 

_ o" 

24.96 

127' 

— 4" 

20.22 

Total cost .. 

Total saving = $11.13 



$67.30 



$56.17 
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Table XV—Plate Construction 


Old Construction New Construction 

Description Weight, Lbs. Cost Weight, Lbs. Cost 


14" mild steel . 138 $3.45 90 \/ 2 $2.26 

mild steel . 195 4.88 4V / 2 1.04 

J/ 2 " and up mild steel.2282 57.05 986 24.70 

y&” manten steel ..1427 46.58 2466 80.15 


4042 $111.96 3584 $108.15 

Total saving in weight = 458 Lbs. 

Total saving = $3.81 

Total savings on front lift frame assembly, as shown in Tables XIV 
and XV are as follows: 

Total saving in weight = 458 Lbs. 

Total saving in material and labor cost = $14.94, or 8 . 3 %. 

Front Lift Arm (See Fig. 14)—Another assembly of the scraper which 
is also highly stressed is the front lift arm. This lift arm raises and lowers 
the bowl of the scraper by means of a link. It pivots in two bearings which 
are bolted to the two brackets welded on the front lift frame. This front 
lift arm has been designed so that a mechanical advantage is secured in 
favor of the cables which operate the sheaves located in the front end of 
the arms. The amount of movement of the rear part of the lift link is 
sufficient to give us the required cut and spread on the cutting edge of the 
scraper. 

This arm is made up of four plates forming a box section. At the ful- 
cram point, a SVi'inch diameter bar is welded and this serves as the trun¬ 
nion of the lift arm. A tube is welded in the back end. A link which 
connects to the bowl is inserted into this tube. This is the mechanical link 
connection between this lift arm and the bowl. The front part of this lift 
arm carries the operating sheaves and it consists of numerous spacer plates 
welded so as to form individual sheave housings. A two inch cross tube is 
welded in the lower center section of this lift frame. This cross shaft is 
welded on the ends to gusset plates which in turn are welded to the side 
sheets of the lift arm. Corner gussets also tie the inside of this pin to the 
inside side sheets of the lift arm. The function of this pin is to serve as an 
anchor for the lift arm in carrying position, (See Fig. 15). 

An automatic patented hook arrangement is attached to the front lift 
frame and hooks around this pin while the scraper is in transportation. The 
object of this is to take all of the load off of the cable. This hook is burned 
out of 2-inch plate and it pivots about a pin which in turn is anchored to 
the top of the lift frame. This hook is of the self-applying type and auto¬ 
matically releases as the hook is tripped past center. 

Table XVI—Front Lift Arm 


Description 

Old Construction 

New Construction 

Ft. Weld 

Cost 

Ft. Weld 

Cost 

!4" Vee . 

. 4' — 0" 

$ .89 

3' — 4" 

$ 74 

W Fillet . 

.14'— 2" 

1.58 

11 ' — 8 " 

1.30 

4ie" Lap . 

. 2' — 4" 

.20 

2 ' — 6 " 

21 

% 6 " Fillet . 

. 7' — 11 " 

.98 

5' — 0" 

62 

yy r Vee . 

. 6 ' — 8 " 

2.20 

3' — 4" 

1.10 

Vs," Lap . 

. 2 T— 8 " 

2.26 

1 5 " — 0 " 

1.57 

26" Fillet . 

Total cost . 

Total saving = $3.39 

.26'— 4" 

. 4.20 
$12.31 

21 '— 2 " 

3.38 

$8.92 
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Fig. 15. Front lift arm with self-applied hook. 


Table XVII—Material Saving 


Description 

J4" mild steel . 

Yiq" mild steel . 

W mild steel . 

1/2 " and up mild steel 
ViQ >r high tensile steel 


Old Construction 
Weight, Lbs. Cost 


New Construction 
Weight, Lbs. Cost 


. 76 

$1.97 

601/2 

$1.51 

65 

1.63 

51 

1.28 

.315 

7.88 

8 

.20 

18 

.45 

13 

.32 



200 

6.50 

474 

$11.93 

3 321/2 

$9.81 


Total saving in weight = 1411/2 Lbs. 

Total saving in cost = $2.12 
Total savings on front lift arm assembly, as shown in Tables XVI and 
XVII are as follows: 

Total saving in weight — 1411/2 Lbs. 

Total saving in material and labor cost = $5.51, or 22.7%. 


Wheel Assembly (See Fig. 16)—Originally, the rear wheel was pur" 
chased from a local wheel company, and was bolted to a cast hub. In view 
of the fact that this wheel took a 15"inch rim, the cost was high since there 
was no large production on this size. The machining of the hub was also 
expensive due to its size. These factors caused us to consider designing an 
all fabricated wheel, (See Fig. 17). The net result was that we decided to 
purchase from the wheel company the largest production rim which they 
manufactured. We then cut it in half and spread it to the required width 
by welding in a spacer plate rolled to the correct diameter. This rim was 
cut on a lathe and the tool used was a “V'Lshaped tool which allowed us 
to make a Vee-type weld. 

The hub was next hot formed out of lunch plate and the same was 
welded with a triple"pass weld. This hub was then rough/machined on the 
outside. Next the outside disc plate was machine"burned and dished. This 
plate is now welded to the hub. The back disc plate is a straight J/^inch 
plate which is welded to a flanged ring and both these plates are in turn 
welded to the hub. This flanged plate is later machined to carry the brake 
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frame assembly. This machining is all done in one setting, and the cost of 
it is considerably less than on the previous design. 

These two disc plates are in turn welded to six equally-spaced reinforcing 
gussets. The rim, which has been widened, is slipped over these disc plates 
to the proper location and welded around both of the outside diameters of 
these disc plates. After this wheel is fully welded it is finish-machined on a 
vertical boring bar. This machining now is relatively simple and a consider¬ 
able saving has been achieved. Our production has been such that we can 
set up a motor driven welding fixture, and we can now make these wheels 
for a fraction of the cost of the wheels previously used. 

Table XVIII—Wheel Assembly 


Old Construction 

Weight of cast hub. 222 lbs. 

Weight of wheel. 216 lbs. 


Total weight. 438 lbs. 

Cost of wheel and bolts... $21.40 

Cost of hub @ 15c per Lb. 3 3.30 

Machining labor for hub (a) 1.00 per Hr. 7.62 

Overhead <S) 200% of Labor. 17.24 


Total cost. $77.76 

New Welded Construction 

Weight of hub.. 172 lbs. 

Weight of rim and rings. 142 lbs. 

Weight of side plate.. 128 lbs. 


Total weight .422 lbs. 

Cost rough machining hub @ 1.00 per Hr.$ .67 

Machine burn, labor @ 1.00 per Hr.26 

Forging labor (a) .77 per Hr.77 

Welding labor (5) 1.00 per Hr. 2.27 

Grinding and Cleaning @ .60 per Hr.60 

Final machining of wheel. 3.76 

Overhead (a> 200% of labor. 18.74 

Power and cutting cost.77 

Electrode cost, 18 lbs. (a) .097 per Lb... 1.71 

Steel plate, 128 lbs. @ per Lb. 3.20 

Cost of rim. 17.60 


Total cost .$48.07 


Saving in weight per wheel equals 16 pounds, or 32 pounds total for two. 

Saving in cost per wheel equals $29.49, or $78.98 total. 

Push Bumper (See Fig. 18)—Attached to the rear part of the bowl of 
the scraper is a spring cushion push bumper. This consists of a 1-inch 
plate forged into the shape of a mushroom top. At the center of this shoe 
a 5-inch diameter plate is welded. This plate butts up against the spring. 
The spring, in turn, is partially enclosed in a tube-type of carrier which is 
closed at the rear. A bolt welded to this mushroom passes through the 
center of the spring with a nut on the outside of the carrier. This is to 
prevent the top from falling off. This tube in turn is welded to two plates, 
one at the front and one at the rear. These two rectangular plates in turn 
are welded to a box-section type of frame. This type of frame bolts on to 
the rear of the scraper. 

This push bumper is a very necessary item on these scoops. As stated 
before, speed is of prime importance in this unit. Usually a contractor buys 
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several of these units at one time. He figures out his cycle of operation in 
such a manner that when one unit is loading, the other unit pushes on the 
push bumper of this unit, thereby increasing its loading speed. These push 
bumpers are also invaluable in helping to push the unit in case it is stuck 
in very unusual or soft terrain. 

A progressive contractor also maintains a push tractor on the cut, the 
function of which is to “pushdoad*” the scraper units so as to speed up 
the loading cycle. 



There is no listing of comparative savings on the above mentioned push 
bumper since this bumper is identical with the one used on the previous' 
model scraper. 

In addition to the savings enumerated in the foregoing pages, numer 
ous other savings were accomplished in the construction of some of the 
small details. For the purpose of simplicity and so as not to make this paper 
too involved with small details, these savings will be combined under the 
“Miscellaneous Groups in the summary of savings listed in Table XIX. 


Table XIX— 

-Summary of Savings 


Description 

Weight, Lbs. 

Material & Labor 

1. Bowl assembly.. 

. 1157 

$123.82 

2. Movable floor assembly....—. 

.. 158 

.93 

3. Rear lift link assembly. 

. 64 y z 

3.90 

4. Front apron assembly. 

. 2291/2 

9.60 

5. Front lift frame assembly— 

. 458 

14.94 

6. Front lift arm assembly. 

. 1411/2 

5.51 

7. Wheel assembly . 

.. 32 

58.98 

8. Miscellaneous . 

... 65 

14.16 


2305H 

$231.84 
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If we manufacture 100 of these units, we will realise a saving of $231.84 
xlOO, or $23,184, due to the redesigned welded construction. This repre¬ 
sents a total saving on material and labor of approximately 15 per cent. 

The savings set forth in the previous pages cover those realised by the 
manufacturer. There are, however, substantial savings which the operator 
or contractor can realize by having a unit which will travel twice as fast, 
carrying the same amount of load each trip as a crawler-tractor drawn unit. 
As a result of this speed, the contractor is able to move twice as much dirt 
in the same period of time as would be possible with the former construc¬ 
tion. In this present emergency, where there is a shortage of steel and 
rubber, we have found it possible to increase the output for the contractor. 
In other words, the contractors have found that one unit of our newly- 
designed type will do the work of two of the previous units, and therefore 
a material saving in steel and rubber is effected. In the present rush of con¬ 
structing air ports, munition plants and army camps, this particular unit is 
proving itself to be extremely valuable. 

Tables XX and XXI give comparative cost figures for units operating 
under similar conditions. 


Table XX 


Estimated output in cubic yards of “pay dirt” per hour with C-15 cable 
scraper drawn by Crawler Tractor, loaded on level ground with 100 1HLP. 
Push Tractor of the Crawler Type (our former design). 

Haul One Way in Feet Pay Dirt Per Hour 


300 

400 

500 

600 

800 

1000 

1500 


190 Cu. Yds. 
170 
155 
125 
110 
100 
78 


Estimated Loading and Lfaul Cost for C-15 Cable Scraper 
Daily Cost—10 Hours (scraper-tractor unit) 


Operator @ 1.25 per Hr.$12.50 

Fuel, 55 gals. @ 8^. 4.40 

Oil, Grease, Tires, etc... 2.00 

Depreciation (10,000 Hours)... 11.90 

Interest and Insurance. 1.75 

Repairs, etc. 2.00 


Total Cost (10 Hours).$34.55 

Daily Cost—10 hours (push tractor) 

Operator (a) 1.25 per Hr...$12.50 

Fuel, 40 gals, (a) S... t>.20 

Oil, grease, tires, etc. 1,20 

Depreciation (10,000 Hours). 6.50 

Interest and insurance. 1.00 

Repair, etc. 1.25 


Total Cost (10 Hours).$2 5.65 

Assuming a 1,000 ft. haul, one push tractor will be able to handle three 
tractor-scraper units. 

Then, total daily cost = 3 x 34.55 = 103.65 

Push tractor = lx 25.65 = 25.65 


Total daily cost (10 Hours) $129.30 
129.30 — 10 Hours — $12.93 Cost per hour with pusher 

oH°/°,°nn ft l- ha n U LT, 3 —^"SOO "Yards hauled per hour with three units. 
12.93/300 — .0431^ — Cost/Yard on 1,000 ft. haul. 
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Fig. 17. Fabricated wheel assembly. 


Table XXI 


Estimated output m cubic yards of “pay dirt” per hour with CT-15 
■ r COOp drawi ^ b y a rubber tired tractor, loaded on level ground 

with 100 horsepower Push Tractor of the Crawler Type (new desimD 
Haul One Way in Feet Pay Dirt p er Hour 

800 ^ CU ' YdS - 
1000 216 

1500 1R0 

2000 144 

2500 :: 

3000 Jo 

4000 86 

Estimated Loading and Haul Cost for CT-15 High-Speed Scoop 

Daily cost— 10 Hours (high-speed unit) 

Operator @ 1.25 per Hour. en *0 

Fuel, 40 sais @ s<f .i; 2 o 

Oil, Orease, Tires, etc. 2 50 

Depreciation (10,000 Hours).15^0 

Interest and Insurance. ' 2*25 

Repairs, etc.100 

Total cost (10 Hours).$36.45 

Daily cost—10 Hours (push tractor).$25.65 

Assuming a 1,000 ft. haul, one push tractor will be able to handle 
three high-speed units. 

Then, total daily cost = 3 x 36.45 = 109.35 
Push tractor =1x25.65= 25.65 


Total daily cost (10 Hours) $135.00 
135.00 = 10 Hours = $13.50 Cost per hour with pusher 

1 * *rn/ 44 n ft x O 16 T^r 64 ? Yards hauled per hour with three units. 

13.J0/648 — .0208?* — Cost/Yard on 1,000 ft. haul. 

Therefore, .0431 — .0208 = ,0223^ saved on each yard of dirt hauled. 


Tbe contractor, saving .0223 cent on every yard of dirt hauled, could on 
a project involving 1,000,000 yards, save in the neighborhood of $22 300 
since he could complete the job in less than half the time required bv our 
tormer type of scraper. 
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Fig. 13. Push bumper. 

In designing this scoop we also kept the matter of service in mind. All 
of the parts of this unit are of welded construction, and if failure results 
they can be repaired by welding with a minimum amount of time lost. At 
the present time, practically every progressive contractor maintains welding 
equipment on the job to take care of emergency repairs. With the present 
national defense program, deliveries on steel castings are very uncertain and 
at best may take several months. Our new scoop, which has eliminated all 
but six pounds of steel castings, can be serviced very readily and economi¬ 
cally by the contractor in the field through the use of arc welding. This 
new design with only six pounds of steel castings is far superior from the 
service angle to the former design which used approximately 3,261 pounds 
of steel castings. It can be seen from this that delays due to breakdowns, 
which cost the contractor on an average of $216 per day per unit, are 
materially reduced with our new all-welded design. In addition, hard-sur¬ 
faced parts which have become worn can be very readily reconditioned in 
the field by the contractor without delaying the job. 

The new scoop is also ideally suited for maintenance work because with 
the rubber-tired tractor it can be operated on present highways. It has been 
the consensus of opinion among the members of the road machinery in¬ 
dustry that when the present emergency has passed, there will be a large ^ 
highway-building program. However, for the duration, the high-speed 
scoop is being used extensively to maintain existing highways in good 
condition. 





Chapter X—15-Ton Low-Bed Trailer Frame 


By James Black, 

Vice President in Charge of Engineering, 

Trailer Company of America, Oakley, Cincinnati, Ohio. 



Subject Matter: The joints in the steel sections are prepared by 
flame cutting. The assembly is placed in jigs and welded upside 
down. Considerable savings are made in both cost and in use of 
available space. 


James Black 

In 1936 with the advent of 15-inch base diameter low-speed high-capacity 
tires, we produced a trailer for transportation of machinery and the like and 
termed same v< T5-ton Drag 1 ', (See Fig. 1). 

The construction was riveted as was our standard practice. From time to 
time, these units were built in what was then termed large quantities so that 
a reasonable average of labor and machine hours was established. 

The unit was successful in its operation and performance, and divided it¬ 
self into 3 models, 15-ton, 20-ton and 25-ton units and became the standard 
of comparison. 

Constant demands of late for increased production on this and similar 
vehicles brought about an overloaded condition to our machinery, and our 
assembly lines were filled beyond capacity. 

We examined this frame to see what could be saved by welding, in order 
to reduce machining time, frame assembly time, and final assembly together 
with space hours. 

A completely welded structure was then designed. Each joint was analysed 
and changes in the design will now be described in detail. Every part was con- 



Fig. 1. Original unit 
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sidered as a separate unit to see that a minimum of machining and a maximum 
of tolerance was allowed, and which would bring out a rugged and accurate 
product. 

A photo of this unit is shown, (See Fig. 2), and each joint that is analysed 
is marked. Sketches show it as it was and as redesigned to weld. As a plan, 
each new joint had to theoretically develop in excess the previous strength. 



Fig. 2. Joints described in text. 


There is an absolute similarity of parts in the original front corner joint. 
(See Fig. 3), and its counterpart in welding. Included in the assembly of the 
side rail, two cross members, two intermediate members, and fifth wheel plate, 
were 104 holes to be punched, and 52 rivets to be driven. 

The design was changed to have four cross members of lighter weight in 
place of the 2 plus intermediates. Each cross member now carries but half the 
load that was formerly imposed. They are made of lighter material and formed 
from sheet rather than structural steel. 

This allowed punch press notching rather than coping or burning out to 
shape. 

The length is now controlled by rapid shearing rather than sawing and all 
four cross members are alike. 

The cross members are butted into the frame and welded in completely 
around the top, and web one side only and lower flange is welded to the fifth 
wheel plate as is the fifth wheel plate to the cross members 3 finch skip 3. 

Positioning for all welding and amount will be discussed later. - 

The original drop joint, (See Fig. 4), of the rails was assembled of 9 parts 



AssemS/e*/ J’cfii’t' Assemble*/ 

Fig. 3. Previous design and redesign of front corner Joint. 
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Fig. 5, (left). Joint cut-away. Fig. 6, (right). Joint assembled in previous design. 
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i//<£> i/s JP e's /ft? /F-e <?_s- /j /? 




Fig. 8. Previous design and redesign of cross member and outrigger. 


on each side as shown and had therein 82 rivets per rail which meant, per 
unit, 328 matching holes and 164 rivets. In addition, each part had to be 
accurate to insure alignment of rivets. 

The new drop is made of five parts, which are in general, cut off within 
reason to size and jig welded to an accuracy and squareness which exceeds the 
riveted drop. 

The rear joint was flame cut to pattern as shown on Fig. 5, folded into 
position as shown on Fig. 6 and welded, A reinforcing plate was inserted at 
point “A” which acted as a filler for the open triangle and reinforced the rail 
at the change of section as per calculations. The warping from flame cutting 
was not uniform and the rails required straightening. The new joint, (See 
Fig. 7), was developed to overcome this warp and reduce the work on the 
burner. 

Here we change from smaller number to simpler parts and use four parts 
frc 


/Ce c/e s / 
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Figr. 10. Previous design and redesign of outer rail joint. 


at this joint in place of two. Welded in a jig, this straight-cut material, ex¬ 
cepting the shaped reinforcement plate which is sheared from drop plate scrap, 
remains uniform after welding, decreases time consumed in making the joint 
and allows further jigging because of uniformity of results. 

The original design, (See left, Fig. 8), included cross member outrigger 
units to allow a through-tension strap across the upper flange of the frame 
as shown. This did not allow rapid assembly through jigging as the members 
had to be threaded on the main rail. 

In redesign calculations, it was found that if the cross member and out¬ 
rigger were separated, a joint stronger, (See right. Fig. 8), than the original 
strap could be had across the upper flange of the rail. The speed of assembly 
in jigs was the main factor in separation of the combination. 

The original design of the trunnion cross member joint and carrier, (See left, 
Fig. 9), was made by “crocking” the I-beam carrier and riveting into frame 
with corner angles and gussets. It required torching, welding and fitting of the 
parts. 

The assembly required 72 holes and 36 rivets in addition to the forming 
and welding of the member which also had to tightly fit in the side rail. 

In the redesign to weld, (See right, Fig. 9), a cross beam was selected 
which would insert and fit tightly into the side rail. It was made short to allow 
the cross beam to be turned into position in the welding fixture. The joint to 
the side rail is attached with shear plates and the flanges welded to side rail 
flanges. The gusset and straps are divided to keep the same trunnion height 



Fig. 11. Previous and redesigned assembly of rear comer joint. 
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with a larger rear rail than before by allowing the trunnion bracket to be 
level with the bottom of the rail. 

The outer rail joint on the original design, (See left. Fig. 10 ), was riveted 
and due to the overall width being kept as close to the maximum allowable, 
the outrigger-outer rail fastening was made with corner angles and flat-head 
rivets through the outer rail. 

Driving these outer rivets caused the rail to get out of shape longitudinally 
so welding was resorted to which took care of this condition and developed a 
satisfactory joint, (See right. Fig. 10 ). In addition, 80 holes and 40 rivets 
were eliminated. 

The assembly of the rear corner joint was previously accomplished by 
notching the rear cross member, fitting and corner angling, and the skid rail 
was riveted on with spacers in place requiring for this assembly, 28 rivets and 
60 holes, (See left, Fig. 11 ). 

The notching of the cross member was eliminated by using a wide outer 
spacer and welding from the inside. 

The parts were so positioned that the welding made rounded corners re¬ 
quiring little finish. 



Controlling the Duplication of Proper Weld—The analysis of welded 
joints showed we could standardize on J/ 4 -inch fillet welds providing they 
conformed to an exact pattern and were made properly. 

To insure this, was made a welding diagram for each jig in perspective 
where necessary, so that all joints would show clearly and in their position in 
the jig. Where the weld was skip type, exact amount was shown. 

Jigghig for Speed and Space Savings—It was determined from examina¬ 
tion of the unit in feet of welding and loading time estimated, that certain 
subassemblies, such as the side rails should be made in separate jigs. 

The Side Rail—The side rails are welded in a jig in which it was deter¬ 
mined one jig making right and left units would suffice for the reproduction 
required. 

The rails are originally placed in the jig with plates under the channel and 
welded as shown in Fig. 12 , at bottom. 
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The rail is then turned over and welding completed on the reverse side 
shown in Fig. 1.2, at top. . 

The locating points on the jig holds the proper dimensions for further 


a Other subassemblies were rear rail, wheelhouse plate, and trunnion shaft 
support. These were jigged in the same manner as the side rail. 

The main assembly is made upside down and welded as shown in Fig. 13. 

It was found practical to weld the outriggers, cross members and bulkhead 
vertically since the design provided the maximum stress be taken oh welds 
made in the flat position. 



Fig. 15. Two traveling hoists lift and rotate the unit for welding. 


After removal from the main fixture, the frame is revolved and welded 
on the upper surfaces as shown in Fig. 14. This revolvement is accomplished 
as follows: The exact center of gravity of the unit was found by calculations 
and a line was drawn through where trunnions would allow balanced rotation. 
In the hole for the electric plug on the front, was inserted a trunnion bar and 
the rear trunnion was clamped on the skid bar. 

The unit is picked up out of the jig by two travelling hoists and is rotated 
readily by hand for welding the upper surface, (See Fig. 15). 



Chapter XI—De Luxe House Trailer 
By George J. Graves, 

President , Graves & Son Boiler & M fg. Co. Inc., Jamestown, T or\ 



Subject Matter: Trailer is rounded in front curving back over the 
roof in a streamlined effect. The base channel is 1 x 2 x ]/g inch, 
supporting 1 x nch upright channels which carry the 20-gauge 
steel plate surface. A positive ball-and-socket hitch is provided to 
the auto, giving good control on the road, and hydraulic brakes 
are provided on the two rear wheels. The cost without profit is 
$702. The interior equipment is all readily removable, allowing 
trailer to be used for other purposes. 


George J. Graves 


Before attempting to build this trailer, the author devoted considerable 
study to the conventional type of trailers now in use, to the extent of inspect¬ 
ing the interior and exterior of practically all makes. On a recent trip to 
Florida, an extensive tour of nearly all the trailer camps, and made notes of 
all the variety of designs, construction features, etc., also taking particular 
notice as to the road-ability of trailers on the highways, and finally came to 
the following conclusions: 

90 per cent of all covered trailers are built of wood framing, canvas and 
plywood cheaply constructed and of short life; most designs are homely, have 
made no provision for wind resistance, and are usually found on highway, 
bobbing and swaying; to the motorist passing by, they give the impression, 
they are about ready to take off or roll over; it is true most trailers are de¬ 
signed to have all the comforts of home, but who wants a home in a trailer; 
outside of Florida and the wide-open spaces of the West, there are only a few 
places where people are allowed to park them; living in a trailer camp, crowded 
together with limited sanitary facilities may appeal to a few of our Americans 
but I am sure the majority object to living like gypsies. 

So, to invest money in a trailer to be used entirely for living purposes 
was “out” as far as the author was concerned. 

Now there is no form of recreation enjoyed by the masses of Americans 
today any more, than the use of their automobiles to take trips near and far. 
Tourists are always confronted with the problem of, “where do we sleep now”. 
Then there is the sports-lover who every year enjoys fishing, hunting, boating, 
camping or vacationing in some form of other, who also is confronted with 
the same problem of, “where do we sleep now”. This applies to salesmen 
and peddlers who have large territories to cover, and carry their samples with 
them for display purposes, to merchants, distributors, advertising organisa¬ 
tions, tradesmen, craftsmen, etc. 

All these and more are potential outlets for a trailer of the covered type. 

With these thoughts in the mind of the author, and the fact that he 
would like to own a trailer, to travel in, use for camping, hunting, fishing 

102 







Fig- 1- Angle view of trailer showing portion of front and side. 

trips, and when not in use for this purpose, to use in connection with his 
business as a means of transporting equipment and for display purposes, the 
writer was prompted to make plans for the immediate construction of a 
trailer. At this stage, there was the matter of determining the size most prac- 
tical, design to conform with the streamlined trend, strength, weight, cost 
and, in general, to produce a product superior to any as yet placed on the 
market. 

With a background of many years of welding experience, and the fabrica- 
tion of metals, using the arc welding process for 95 per cent of our work, the 
author presents the results of what was accomplished in the following study 
of his product. 

The picture in Fig. 1 is an angle view which shows a good portion of the 
front and side. It is attached to car and clearly shows the level-running 
position, due to correct trailer balance. 

Note: In the accompanying pictures, arrows are used to point out cer¬ 
tain features. Arrows will refer to different items in each picture, and, in all, 
will completely describe trailer. 

Fig. 2 illustrates comparison of overall size, to the size of automobile. “A” 
is the total length of body of trailer, which is 12 feet. “B” is the clearance 


Fig. 2. Sire comparison of frailer and automobile. 
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from road load 12 inches, with all equipment removed 15 inches. Incidentally, 
part of the author’s family is also shown in this picture. This was taken on 
a motor tour of 2500 miles, covering a period of two weeks and all of the 
nights were spent sleeping in this trailer. Parked off the main highway, the 
trailer was never detached from the car. Cruising speed averaged about 50 
miles per hour, and when the going was good was increased to 75 miles per 
hour. At no time was the car or trailer out of control. In fact, drag on car 
was hardly noticeable, and on only a few occasions was it necessary to shift 
into second gear. According to gasoline mileage on car, it amounted to a 
difference of 1 mile less to a gallon. 



Fig. 3. Direct side view of trailer. 

Fig. 3 is a direct side view at close range. “A" is a low-pressure tractor 
tire, 10-inch rim, 24 inches outside diameter, 7j/2-inch width. Tire is designed 
to carry 1500 pounds at 30 pound air pressure, giving an excellent cushioning 
effect. “B” is the distance from body of trailer, to center of ball connection, 
which is 24 inches and is necessary for sharp turns. It is possible to “jack¬ 
knife” trailer when it is attached to car. “C” is a ventilator, 10-inch diameter, 
using a hub cap same as on wheels, and is arranged so it can be opened from 
inside of trailer. “D” is one of the four running lights, red for back, and 
amber for front. 

Fig. 4 illustrates the means of entering trailer. “A” shows how ventilator 
swings open. It has a locking device to adjust to any desired opening. “B” is 
the rear entrance door which swings up like the trunk on a car and is held 
in open position by coil springs. Height of trailer floor from ground enables 
person to step into trailer easily. “C” is standard car hub cap which forms 
center of wheel, and is held on with spring steel clips. 

Photo, Fig, 5, was taken from ladder, and clearly shows view of top, 
back, and side. “A” is stainless steel molding secured from an automobile 
dealer, and is bolted through steel covering of trailer. “B” is the rear win¬ 
dow, cut from 1^4-inch plate glass. Rear window is permanently set in a 
rubber channel and, cemented into place, is held by steel lugs. The two front 
side windows are made so they can be removed and replaced with a screen. 
However, as there is ample ventilation provided by rear door and top venti¬ 
lator, it is not necessary to open any of the windows. 

In Fig. 6 is another view taken from a ladder, showing top and back. 
“A” is a rubber strip which covers joint at top of door to prevent rain 
water from entering trailer. 
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U B” indicates the welded seams on roof of trailer, which are the most 
difficult to weld. They are the lap type of joint. 

fig- 7 shows front and side view. “A” is a small third wheel, used for 
supporting front of trailer when not attached to car. Wheel and tire are 
of the type used on wheelbarrows. The bracket holding wheel is made from 
steel plate, and has a stub shaft welded to it and extends through tube in¬ 
sert as shown at “B” allowing wheel to turn like a caster. “C” is the front 
window made from a piece of 14-inch plate glass and curved to conform 
with radius of trailer. “D” is the side panel which is the only flat panel on 
the entire trailer. Sheet steel covering is 20-gauge throughout. 



Fig. 4, (left). Means of entering- trailer. Fig. 5, (right). View showing top, back and side. 


Fig. 8 is a front view with “A” as the overall width which is 72 inches, 
or the same width as the car towing trailer. By limiting width of trailer, to 
that of car the driver can maneuver through traffic without the danger of 
side-swiping other vehicles on the road. There are many instances when 
cars pass each other by only inches to clear. “B” is the brake arm extending 
through front extension of trailer. It is attached to master cylinder which 
regulates hydraulic brakes on trailer. A cable is attached to this arm and 
brakes are applied mechanically from the driver’s seat. 

Fig. 9 is a direct rear view, with “A” showing width of door 36 inches, 
height 60 inches. Opening of this sise permits easy access, and is large 
enough to allow bulky materials to pass through, such as furniture, boxes, 
etc. “B” is the space required for bunks, 26 inches from each side, and 
consisting of lower and upper, or accommodations for four people. “C” is 
the space between bunks which form an aisle IS inches wide, leading to the 
front section of trailer. 

Fig. 10 is a front and top view taken from a ladder. “A” is the ventilator 
tube which extends through to inside of trailer. A small fan can be mounted 
in this tube, increasing air circulation. is the junction of front ex¬ 

tension body of trailer. This joint is also welded. 

Fig. 11 is another direct rear view, with “A” as the height from floor 
to top of dome, which is 72 inches inside headroom of trailer. “B” is the 
dome section of top which allows people to stand in an upright position, 
after they have entered through the rear door. “C” is cap for ventilator 
which is fitted with a rubber gasket for tightness. 

Fig. 12 is a front and side view showing framework just as it was ready 
for covering. “A” is a forged steel trailer hitch consisting of ball and socket, 
securely welded to steel frame members. “B” is the light upright channel 
Vi'inch by 1-inch made from 16-gauge strip steel. The entire upper frame 
work is made of this channel. “C” shows the front roof channels, how they 
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are bent, and spaced equally around the entire front. Exterior steel covering 
butts together at each of these roof channels. 

Fig. 13 is another side view picture of framework. “A” is a section of 
covering sheet steel 20 -gauge tack welded onto braces from the inside, ap- 
proximately 2 inches on centers, tacks J/^pinch long, and arc is applied mainly 
on 16-gauge channel to prevent burning through 20 -gauge steel. “B” is 
the housing covering wheels, made from 10 -gauge steel, and also carries 
entire weight of trailer. “C” is the outside channel lx 2 xJ/&-inch. This 
channel forms part of frame and extends around entire trailer. “D” is up¬ 
right channel p 2 xlxl 6 -mch gauge. “E” shows brackets and rollers that 
hold door in open position. “F” are coil springs fastened to brackets and 
trailer framework to furnish tension to hold door open. 

Fig. 14 shows back view of frame work. “A” are bent channels forming 
the back curve. Channels are bent to 18-inch radius. “B” is the rear bumper 
salvaged from a late model wrecked car. is a small rear view window, 

permitting rear vision to driver of car. This window is in direct line with 
front window, and makes it possible to see the road from driver’s seat in car. 

Fig. 15 shows front view of framework. “A” shows arrangement of 
bent channel bars to form dome. “B” is the front window bars in this frame 
arranged to hold curved glass. “C” are bent channels which form rounded 
roof. These bars are equally spaced on 7-inch centers. “D” is conical 
cover of frame extension. Hydraulic brake mechanism is mounted under 
this hood. 



Fig. 6. (left). Another view of the top and back. Fig. 7, (right). Front and side view. 

Fig. 8. Front view. 


Fig. 16 is a close-up of axle and trailer mounting taken with wheel re¬ 
moved. “A” is hydraulic shock absorber, salvaged from wrecked car. “B” 
is brake drum, brakes and axle spindle, also salvaged from Plymouth car. 
“CP 1 is trailer mounted on two coil springs, salvaged from Buick car. Springs 
will carry a combined load of 3000 pounds and only be 50 per cent com¬ 
pressed. “D” is a built-in plate support where springs rest on. tu E” is one 
of 2 type rods holding axle in line, arranged to move up and down by ball 
and socket joints. In addition to these features there is a sway bar, attached 
to axle and trailer body, preventing side sway. 

Fig. 17 is a close-up of car and trailer. “A” is one of two safety chains 
required by law to prevent trailer from leaving car in the event of a broken 
hitch. “B 11 is the brake cable which is threaded through center of trailer 
hitch. Tension on this cable is always the same regardless of angle of trailer 
“CP 1 is bracket and ball-and-socket hitch. Bracket is securely attached to 
frame of car. Hitch is a steel ball and forged steel socket. 
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Fig, 9/(left)* Rear view. Fig. 10, (center). Front and top view. Fig. 11, (right). Rear view. 


Cost Sheet of Trailer—The list includes all materials and labor for 
complete trailer, exclusive of any interior furnishings such as bunks, cup' 
boards, sink, refrigerator, stove, etc. 

As trailer is designed for a number of uses, it is not essential that 
furnishings be included. 

All materials are listed in the order they are to be used. 


Running Gear—Tires, tubes and rims.$ 50.00 

Hubs, spindles, brakes... 15.00 

Parts salvaged from car, extra heavy pipe axle. 2.00 

Shock absorbers, springs. 5.00 

Third wheel tire, hub and axle. 9.60 

Steel channels for main frame. 6.75 

Steel channels for upper frame work. 13.35 

Oxygen and acetylene, welding electrodes... 10.00 

Sheets 20'gauge to cover bottom of main frame ... 5.45 

Sheets 20 gauge patent level for covering exterior. 24.00 

Paint for finishing outside of trailer 4 coats. 9.50 

Paint for rust proofing inside of trailer. 2.00 

Glass J4dnch plate for windows.-.-. 12.00 

Rubberchannel for setting glass into frames. 2.50 

Rock wool insulation to insulate floor. 4.00 

Plywood J/ 2 'inch thick flooring.-.-. 16.00 

Inlaid linoleum for floor covering.-.-.. 15.50 

Running lights, tail, direction and interior._. 14.00 

Stainless steel molding for trim....... 7.50 

Rockwool insulation for walls and ceiling. 8.50 

Electric wires for lighting... 3.50 

Plywood for interior trim and moldings. 25.60 

Varnish for interior finishing... 3.85 

Miscellaneous, screws, bolts, paste, etc... 5.00 


$270.60 


Total cost of all materials. 
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Man hours for construction of running gear. 24 hrs. 

construction of frame work. 63 hrs. 

applying metal covering. 38 hrs. 

finishing exterior... 26 hrs. 

electric wiring and install fixtures. 12 hrs. 

lining and insulating interior. 47 hrs. 

interior finishing _ 16 hrs. 


226 hrs. 


Cost of labor 226 hrs. at $1.00 per hour.....$226.00 

Overhead of average Mfg. Co. 100 per cent of labor. 226.00 

Total manufacturing cost.$702.00 

Manufacturers profit and sales cost 33 x /3 per cent. 234.00 

Sale price to consumer or user.$946.00 



Fig. 12, (left). Front and side view showing framework ready for covering. Fig. 13, (right). 

Side view of framework. 

Cost of materials and hours of labor as stated herein are true and ac- 
curate. The overhead percentage of profit and sales cost may vary to some 
extent in the case of some manufacturers. However, as cost of materials and 
labor are based only on the construction of one trailer, it is entirely possible 
to construct and place on the market, a trailer of this she and type, well 
under $1000 and assure the manufacturer of a greater percentage of profits 
when building them in quantity. 

To the man or individual who may desire to build this type of trailer, 
and who has the ability, can be assured the materials will not exceed $300 
wherever he may wish to purchase them. This does not include equipment 
such as bunks, stove, sink, refrigerator, cupboards, etc. For a trailer of 
this size, an additional cost of approximately $200 will suffice. 

Cost Comparison—Due to the fact this trailer is of unique design, 75 
per cent steel and of welded construction, it is difficult to compare costs 
with the conventional designs now on the market. However, prices on 
trailers range from $600 to $1500 depending on size. Then the cost of 
this trailer is well in line, and with the advantage of indestructible lifetime 
construction, over the conventional types. 

Construction Features —From the accompanying pictures note that the 
only flat panels on this trailer are the 2 sides. In designing trailer, the au¬ 
thor knew that light sheet steel is inclined to warp, buckle, and twist when 
welded, and to eliminate this it was necessary that curves be used wherever 
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ossible. There were no jigs, fixtures, or dies used to form any part of this 
^ n it The only equipment necessary is an. arc welder, an oxy-acetylene out¬ 
fit a flat-top table, hacksaw, and vise. However, from a production stand- 
oint it is entirely possible to build dies, and press out the rounded surfaces-, 
thus reducing material, and labor costs considerably. All joints of frame¬ 
work were arc welded together, and 20 -gauge sheet steel covering was 
clamped into place and tacked from the inside, tacks approximately 2 inches 
on center and J/ 4 -inch long. In tacking, considerable skill was required to 
prevent burning through sheet steel. 



Fig. 14, (left). Back view of framework. Fig. 15, (right). Front view of framework. 

The work of finishing the inside involved considerable time and patience. 
First, it was necessary to lay rock wool insulation in pad form in the 1 -inch 
space formed by channels, on all sides and roof. Also the 2 -inch space 
under the floor was filled with granulated rock wool. Then plywood J/^inch 
thick was placed directly on channel frame, and screwed down using self¬ 
threading screws. On top of this plywood floor, a red-colored inlaid lino¬ 
leum was cut to fit and glued into place. For the side walls and ceiling, 
J 4 'inch birch plywood was fastened to inside of 1 -inch channels and held 
in place by self-threading metal screws. A J/ 2 'inch half-round wood mold¬ 
ing covered all butt joints of plywood. Then, entire interior was sanded 
and two coats of varnish applied. 

Total weight of trailer at this point is 1755 pounds. 

Interior Equipment—Due to the diversified uses of this trailer, the 
author designed all interior equipment so it could be removed. Self-support¬ 
ing bunks were made of light-weight tubing, and equipped with springs. 

Bunks are placed on both sides, providing two lower and two upper 
berths, making accommodations for four people. During the day, upper 
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bunks swing up and hook to ceiling providing seating space for eight people. 

In the forward end of trailer, there are three units built to dovetail into 
rounded front, consisting of single-burner stove, sink and refrigerator. The 
tops of these units form a circular counter, and the bottom cupboard space, 
and a place for a small tank of fresh water. 

In the rolled section at rear of trailer there is space for clothes presses. 
The space under the lower bunks is used for linens, blankets, clothes, fishing 
tackle, etc. This equipment is arranged so it can be removed from trailer 
in 15 minutes, permitting the entire interior to be used for any purpose 
owner may wish. 



Fig. 16, (left). Close-up of axle and trailer mounting. Fig. 17, (right). Close-up of car and 

trailer hitch. 

Advantages—The dimensions of this trailer enable driver of car to 
maneuver more easily, get in and out of inaccessible places. One person' 
can push it about when detached from car. In traffic, it is possible to go 
wherever car can pass, because it is the same overall width as car. Trailer 
has advantage of less weight due to sffie and can be towed with less resist' 
ance and at greater speed. Streamlined design and low overall height cut 
down wind resistance. The design of running gear permits higher road 
speed with assurance of safety. Coil springs give knee action to each wheel, 
shock absorbers take cai*e of rebound, and sway bar prevents body from 
swaying. The all-welded steel construction will assure user of years of 
service and will not fall apart from road shock. 

Uses and Potential Market—This trailer was designed primarily for use 
on our highways for people who travel by car, including tourists, vaca¬ 
tionists, salesmen, campers, hunters, fishermen, etc. 

In addition to traveling, it can be used for commercial purposes, such 
as making deliveries of merchandise, farm produce, display purposes, field 
offices, particularly, at this time when the army is spread out over half the 
universe. The army could use a trailer of this type for officers** quarters, 
field office, first-aid. Red Cross, and any number of uses where a roof over 
the head is essential. 

There is still another purpose this trailer can be used for and it would 
not occur to the average person. The trailer body can be used as a cabin 
for a boat. It is the intention of the author to build a shallow-draft all- 
welded steel-hull, and mount trailer cabin on same, for use on inland lakes 
and rivers. If it were not for our country entering the war and placing a 
restriction on steel, this idea would have actually become a reality before 
now. 
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Chapter I—Welding Aircraft Engine Mounts Economically 
By Peter F. Rossmann, 

Chief of Miscellaneous Developments Research, Research Laboratory. 
Curtiss'Wright Corporation, Airplane Division, Buffalo, ?{ew T or\. 


Subject Matter: Economics of arc welding based on a compara^ 
tive study of another method and arc welding under shop condi - 
tions. The comparison covers quality, speed, and cost and indi- 
cates marked superiority of arc welding in all three items. 


Peter F. Rossmann 

The contents of this paper are based on the results of exhaustive studies 
and tests to make comparisons of arc welding and another method of 
welding in the manufacture of aircraft engine mounts. The research which 
was under laboratory and time-study control under actual shop conditions 
treated the comparisons in terms of: 

I—Quality II—Time III—Cost 

The other method of welding as performed at this company is under the 
control of the Materials Laboratory Procedure, “Control of—-Welding." 
Arc welders are required to pass the same tests as are other-method welders 
and it has been demonstrated that a welder experienced with the other 
method can be trained to qualify as an arc welder within a period of 15 
days. 

This comparison was made using present design standards. Because of 
certain difficulty with fusion and penetration with former method of weld¬ 
ing heavy forgings to thin-walled tubing, current design standards for the 
former method are believed to be extra-heavy with respect to arc welding, 
because the latter process can produce comparatively superior welds. 

This research project disclosed the merits of arc welding and the results 
emphasised advantages from which the following general conclusions were 
drawn: 

I— Quality—Arc welding motor mount assemblies performed as out¬ 
lined in this report, produces welds superior in quality. 

II— Time—Arc welding would save approximately 73 per cent of the 
time now required to weld these assemblies. 

III— Cost—Arc welding would save approximately 75 per cent of the 
present cost for welding operations of these assemblies. 

Ill 
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Preparation of Samples—Welding Procedure 

Other Method of Welding—All welded samples were prepared in pro¬ 
duction. by standard company welding procedure. 

Arc Welding—The arc welded samples were prepared by using inter- 
changeably the arc welding equipment listed in Reference 12. 

After setting in jig and tacking, all parts were preheated with an acety¬ 
lene torch to 300°-400°F before welding. 

Parts A and R in Fig. 1 were welded with 5/32-inch electrodes, and a 
welding current of approximately 150 amperes at 40 volts. 

Parts C, D, E, F and G in Fig. 1 were welded with J/^-inch electrodes, 
and a welding current of approximately 110 amperes at 40 volts. 

Note—Electric arc welding presents some problems of safety on the part 
of the operator and workmen in the immediate area of the welding. Proper 
arc welding shields are required for eye protection of the operator. Each 
operator should be screened off with fire-proof canvas or other proper booth 
to prevent eye injury to other operators or workmen in the immediate area 
of welding. Proper electrical installation eliminates dangers which possibly 
may be present due to electric power supply for A.C. or D.C. welders. 

Analyses of Deposited 'W eld Metal vs. Original Rod or Electrode— 
Drillings of deposited weld metal were taken outside the zone of fusion 
with base metal. The analyses are shown in Table I. 


Table I—Analyses of Deposited Weld Metal vs. Original Rod or Electrode 


Former Welding Method 


Arc Welding Method 


- Electrode 


Analysis of 
Coatings 

Spec. 
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( *) Will vary depending upon the extent of puddling with base metal. 
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Fig. 1. Collection of arc welded plane parts. 


Sampling 

l _Several motor mount subassemblies welded by the other method 

scrapped by inspection and salvage departments for various causes. 

Base Materials to References 4 and 5. 

Control procedure to Reference 1. 

Standard Company blue print heat treatment, after welding, to 
tensile strength of 150,000 PSI. 

2._One complete arc welded motor mount assembly and several sample 

subassemblies. 

Base Materials to References 4 and 5. 

Control procedure to Reference 1. 

Standard Company blue print heat treatment, after welding, to 
tensile strength of 150,000 PSI. 

Table II indicates the various tensile strength and hardness readings of 
representative cross sections of welded samples. 

Table II—Tensile Strength and Hardness Readings (See Fig. 2) 

Tubing and forgings indicate similar hardness in each case, since all were heat treated 
to a tensile strength of 150,000 PSI minimum. (Desired Rockwell hardness of C3 2 
to 36). 

Weld metal hardness may be tabulated as follows: 





Range 

Estimated 

. Average 

Rod, or Electrode 




Estimated 


Estimated 

Rockwell 

Equivalent 

T.S. PSI 

Rockwell 

Equivalent 
T.S. PSI 

Conventional Deposited Rod 

B64 

to 

94 

57,000 to 
100,500 

B80 

74,000 

Arc Deposited Electrode 

C22 

to 

31 

118,500 to 
146,000 

C25 

126,500 

Arc Deposited Electrode 

B85 

to 

95 

80,700 to 
102,400 

B90 

91,800 


These diagrams also illustrate the superior penetration and superior fusion of the arc 
welded samples, when compared to those welded by the other method. 
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Fig*. 2. Three types of welds compared. 
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Fig. 3. Deep-etched assemblies welded by the former method (left), and arc welding (right). 


Terms of Comparison 

I—Quality—Quality tests were based upon exterior appearance, and ap- 
pearance of deep-etched cross sections, the latter with respect to fusion, 
penetration, porosity (density) (and also Rockwell hardness as heat 
treated). 

Sampling—Several assemblies (both arc welded and other method) 
such as shown in Fig. 1 were used for these determinations. 

Results—Exterior Appearance—Fig. 3 illustrates one sample each, 
other method and arc welded, forging to tube. Part B. 

Note—A similar exterior appearance was attained with either of the 
arc welding electrodes. 

Deep-Etched Cross Sections—In Fig. 4 is shown a representative series 
of three each, other welded and arc welded sections, after deep- 
acid-etching (50 per cent aqueous HCl). 

The three other welded samples are representative of 12 samples by 
eleven operators. 

The three arc welded samples are representative of 40 samples by a 
single operator. 

Density, fusion and penetration is superior in the case of the arc 
welded specimens. These remarks are more clearly illustrated in Fig. 5, 
at a magnification of 3 times. 

Note —The macro etches indicated the metal deposited by arc 
welding to be finer grained than that deposited by the other method 
of welding (both metals with similar final heat treatment, as indi¬ 
cated) . 
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II— Time—The time study experiments involve the seven assemblies shown 
in Fig. 1, and were comparative, other method vs. arc. The comparative 
time studies involve actual welding time, plus an allowance in each case 
of an amount equal to approximately 30 per cent of the total (Total = 
Operation Time plus Allowance). This 30 per cent includes time re* 
quirement for tacking, straightening, cleaning in the case of arc welding, 
and delays and relaxation. 

Other Welding—These were taken from time study department re¬ 
cords (Reference 8). 

Arc Welding—These were taken from a set of experimental welds, 
performed and timed by separate personnel. 

Time required for total welding operations, plus allowances, is shown 
in Table III. 

III— Cost—For a unit of cost comparison, one set of one each of the seven 
assemblies shown in Fig. 1 was chosen (which was the same unit taken 
for the time comparison). 

For each case, other method and arc, costs were tabulated on the basis 
of material, labor and equipment, not including burdens. 

Table III—Time Required for Total Welding Operations, Plus Allowances 



(A) Other welding, plus 

(B) Arc welding, plus tack' 


tacking and straighten^ 

ing, cleaning welds, and 

Parts 

ing and allowances. 

straightening, and al¬ 

Fig. 1 

Company time study in 

lowances. Experimental 


minutes. 

time study in minutes. 

A 

275 

80 

B 

517 

125 

C 

76 

25 

D 

220 

65 

E 

140 

35 

F 

132 

40 

G 

128 

35 

Total 

1356 minutes 

365 minutes 


Arc welding saves an average of 73 per cent of time needed for welding 
the set of assemblies by the other method. 

Arc Welding 

1 . Material—Under this charge was included power cost and electrode 
cost. 

The power for electric arc welding of each subassembly was determined 
by taking the amperage and voltage settings needed for welding each assetm 
bly and making use of the formula KWH— volts x amperes x time in hours. 
Cost of power was then determined by multiplying number of KWH by 
price per KWH. 

Electric power in KWH to operate an electric welder at 150 amperes and 

1 50 V 40 V 1 

40 volts, for one hour, is: KWH= U * ™ * or 6 KWH. 

To operate the same welder at 100 amperes and 40 volts for one hour 

■ - 110X40X1 A A TrT\ rt_r 

requires: KWH — --r-rprr-, or 4.4 KWH. 


1000 
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Electric power on 60 cycles, 440 volts for the company costs $0,015 per 
Therefore, to operate an arc welding machine at 150 amperes and 
for 1 hour costs: 6 X 0.015 or $0.09. The same machine at 110 
*mperes and 40 volts costs: 4.4 X $0,015 or $0,066 per hour. 

1 Electrode consumption was estimated as 12 pounds maximum for the set 
of seven assemblies. Electrode cost then equals: 

12 X -09* = 1-08 for—electrode 
12 X -U* = 3.00 f° r —electrode 
(* Costs per lb. — Reference 9) 

2 . Labor—An estimated labor cost of $1.10 per hour, similar to that for 
other welding was made for this work. 

3. Equipment —Arc welding equipment may be listed as welding machine, 
cable electrode holders, shield or helmet, gloves, and booth partitions. Pur¬ 
chased new this equipment would cost an estimated maximum of $450. For 
6 hours of welding, equipment costs were estimated as $.07 maximum. 

Material and Equipment Costs for Preheating and Line-up—These 
charges were estimated as $1.00 for the set of assemblies. (This figure is 
nearly 15 per cent of the remaining total costs and may, therefore, be re¬ 
garded as a liberal maximum.) 

The cost of arc welding is shown in Table IV. 

Summary —A comparison of the tabulated costs for other vs. arc welding 
indicates respectively a ratio of 4 to 1, i.e., torch welding costs four times 
that of arc welding; or, if other welding is considered a unit, then arc weld¬ 
ing shows a 75 per cent reduction. 



Fig. 4 . Deep-etched cross sections welded by the other method (above), and by arc weldingr 

(below). 
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Comments for Discussion 

Tendency for Cracking—No cracks in welds or adjacent to welds were 
f , i an y part used in these tests, either other-method or arc welded. 
; preheating is an effective preventive for weld cracking. 

preheating—It is noted that with arc welding of these parts, the oxy- 
etviene torch is useful for preheating. The costs of this operation have 
been included in the total costs for arc welding, as tabulated in Table IV. 

Weld Cleaning—Other welding requires no cleaning by welders while 
arc welding requires approximately 10 per cent of welding time by welder 
to remove slag and spatter, and to examine weld. This time has been included 
in the allowances in arc welding cost chart—Table IV. 

Line-Up after Welding—The amount of line-up needed after arc welding 
is very little in comparison to that needed after other method. In both cases, 
this time has been included in the allowances. 

Additional Potential Savings—In the present report, all comparisons were 
t made with similar design. Actually, since arc welding can successfully utilize 
; welding electrode with greater strength of deposited metal, re-design of parts 
j, now use d for the other method of welding may result in weight saving, with 
f a( Jditional saving of time and cost. The advantages of arc welding for new 
designs is also evident. 

Concluding Comments—The engine mount unit analyzed in this paper 
was selected because it could be arc welded without redesign, consequently 
permitting a very exact comparison with the other method of welding. 

The use of arc welding simplifies process control in that time standards 
can be more accurately predicted and maintained. For example, an other- 
method welder can puddle the weld or otherwise rework it, which requires 
additional time and gives a misleading impression of a better weld than an 



Cross sections of welds, tube and forging of engine mount, arc welded (left), other- 
method welded (right). 
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arc weld based on appearance. In addition, although not mentioned in the 
paper, it has been possible to arc weld heat treated tubes and fittings without 
the need for subsequent heat treatment after welding. Arc welding anneals 
the adjacent material less than the other method. 

Arc welding produces less oxidation of the areas being welded, which 
condition suggests that the subject for future investigation should be that of 
determining the deoxidizing and decarburizing effects of various types of 
welding. 

In conclusion it is stated that it is not sufficient to merely utilize an art 
but to advance it. 
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Chapter II—Aircraft Propeller Blade 
By Dr. Elek K. Benedek, 

Consulting Engineer, General Hydraulic Co., Cleveland, Ohio. 



Subject Matter: Propeller blade for aircraft. A novel design for 
a heavy-duty propeller which will consist of a frame of beams and 
profile plates welded together and covered with a thin skin. 


Dr. Elek K. Benedek 


INTRODUCTION 

One of the most outstanding engineering problems of the aircraft industry, 
today, is the design of propeller blades for aircraft. The efficient transmission 
of huge horsepower such as 2000 horsepower per propeller, sets up new 
theoretical, as well as practical, requirements for the design. This is the 
reason that propellers made out of lightcr-than-steel metals, such as aluminum 
or magnesium alloys will pass away as quickly as the wooden propellers did 
under the increasing demand of commercial expectations. Duraluminum and 
magnesium alloys, while they are very light, do not have the elastic stamina 
required for endurance. That the present solid aluminum alloy (lynite) pro- 
pellers cannot fill the further requirements needed by larger craft is well 
recognised, and is publicised by outstanding propeller specialists. Whereas, by 
giving the proper shape to the cross section of the steel blade it can be kept 
light, still its elastic energy remains several times greater than that of the above 
lighter metals. 

To alleviate the shortcomings of the conventional propellers, designers 
attempted to make the blades out of hollow steel, by the process of various 
kind of welding. Small and large blades were made of sheet metal by the 
process of welding, and were found very good in performance and endurance 
characteristics. These results were due primarily to the outstanding mechanical 
properties of the steel as structural material, and to the reliable technique of 
the welding processes used. The best material, such as high grade alloy steel, 
when subjected to the best method of fabrication gave the best results under 
the complexity of heavy-duty performance requirements. 

Past practice and design of welded steel blades, however, did not solve ail 
the problems of the rapidly growing aviation industry, particularly those which 
did not even exist until just a very short time ago. 

This is the reason the writer turned to this most vital problem of propeller 
blade design, and on the basis of past experience he believes that the complete 
solution of the propeller design lies in the direction of welded steel blades and 
propellers. Light metals, such as duraluminum and magnesium are deferred 
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already for the same reason as the wood, namely, for lack of elastic stamina. 
Efficient design requires such production methods in which the best aerody^ 
namic efficiency is not only incorporated, but in which it will be always 
duplicated. 

Due to the possibility of uncontrollable mechanical and aerodynamical 
imperfection in conventional large blades, there are already so many vibrations 
in present hollow steel propellers, that even a classification of them is almost 
impossible. 

It is the object of this paper to provide a more effective and simplified 
welded structure which will not only be better and stronger, but which will be 
more suited to production and control, and the elimination of the above defects 
and vibrations. It, also, will be shown that welding is the best method today 
which can produce this improved steel structure, and that arc welding is 
cheaper and commercially more available than other more specific and delicate 
welding methods. 




FIG -3. 

Fig. 1. Aero dynamical force "ft" acts in direction normal to chord of profile. Figs. 2 and 3. 
Traction force rapidly increases toward tip of propeller. 

Welded Constructions 

(a) Welded Steel Propeller With Hollow Shank and Knife-Edge Blade. 
Propeller blades are one of the most difficult machine elements to make in 
the aircraft industry today. This is due to the rigid expectation of the pro¬ 
peller mechanism, which is in itself a complete hydraulic motor which has to 
transmit the engine horsepower into the flight power, at the best possible 
efficiency. 
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Transatlantic flight diagnoses show that the commercial possibility of such 
flights often depends on the increase of one single percent in propeller 

^Disregarding aerodynamical requirements, but remaining at the task of 
transmitting huge horsepower, such as 750 horsepower by one single blade, 
obviously requires the best that aircraft engineering can offer in all possible 
directions. Considering, also, that the inevitable method of blade mounting 
at the end of a cantilever crankshaft is given, it is evident that a multiplicity of 
rigid requirements and problems present themselves for solution right at the 
start, with the mounting. 

Critical phenomena such as the flutter of the propeller is only a resonance 
between engine and propeller vibrations, but the forced vibration of the 
crankshaft is normal and it is carried over to the force vibration of the propeller 
blades. The thrust of each blade will impose a bending moment which is 
normal to the axis of the blade. The centrifugal force is the most critical. It 
acts axially on the normal section of the blade. 

For the purpose of simplicity, the consideration of other imposed stresses 
and phenomena are omitted in this discussion now, but it is pointed out that 
the basic improvement of the present design has reduced Or fully eliminated 
limitations and dangers in conventional propellers. 

It is well known that the major portion of the length of a lynite propeller 
is so heavy that only a short portion toward the tip remains flexible. It is this 
flexible end, however, which breaks off and causes the principal danger of 
conventional lynite propellers. The poor mechanical properties of the alumi¬ 
num alloy are only partly responsible for the above limitations, i.e., for the 
excessive weight of the blade, as well as for the breaking off of the tip. Other 
limitations are due to design factors. These limited factors bar the lynite 
blades, however, from further application as longer blades on larger aircraft; 
and there is no way of alleviating these factors in the conventional design. 

Fig. 4, and Fig. 5, show a two-part welded steel propeller which eliminates 
the above basic defects of solid aluminum alloy propellers. The proper blade 1, 
is made of thin forged steel, and at its bottom, is arc welded to a hollow steel 
shank portion 2. This hollow steel portion is practically rigid, while the flexible 
or knife-edge portion is elastic. It is a knife-edge made of spring steel. The 
substance of this welded combination is that the forced vibration of the entire 
blade will have a nodal point at the point of the welded connection and, thus, 
the blade 1, will have its own free and smooth harmonic oscillation along its 
entire length. This vibration will be substantially different from the rigid 
forced vibration of the shank portion 2. The vibration of the entire blade will 
relieve the tip as well as any other portion of the spring blade from concen¬ 
trated vibrations and tip breakage. Part 2 is preferably made out of rigid 
seamless steel tubing of suitable material. It is formed to the proper shape to 
receive the end of blade I, and mounted safely against the maximum load. 

The welded mounting can be achieved by conventional arc welding, 
preferably at two £ones, such as shown in Fig. 4, and Fig. 5. The inside and 
outside welds are both readily accessible for Anal finish since the shank is hollow 
and will be polished to the proper smoothness. The necessary heat treatment 
of the welds and the tempering of the spring blade, 1, will complete the 
process. It can be stated already that there is no chance of the breaking off 
of the blades at the walled-in and welded end. The good properties of the 
spring steel and tubing provide all necessary resistance to this welded joint. 

Simultaneously, the refined aerodynamical profile throughout the entire 
length will improve the hydraulic efficiency together with the traction of the 
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propeller as shown in Fig. 2. This figure shows that the traction force is 
rapidly increasing toward the tip of the propeller. See, also. Fig. 3. Thus, it 
is obvious that the curve of the knife-edge blade will have a quicker pick-up 
toward the tip than the curve of the clumsy solid aluminum alloy propeller. 
This propeller supersedes also, in weight, the solid aluminum alloy propeller, 
which is an important design consideration. Due to the outstanding properties 
of the different steel portion, the shape can be made such that the blade 
stability as well as its radial strength will meet any necessary requirement at 
a minimum expense of weight. This better streamlined profile will adapt the 
blade, also, for higher engine speeds without the necessity of using reduc* 
tion of gearing. 



1 

A 


V 


/ "i 

* A 


FIG-4. 


SECT. A A. 
FIG." 5. 


Figs. 4 and 5. Two-part welded steel propeller which eliminates basic defects of solid 

aluminum tYP®. 


It is admitted that the welding process occupies only a very small space 
in the entire manufacture of this blade, but that much greater is its impor¬ 
tance; and it has no substitute. 

The danger of mistreatment of the parts by the method of conventional arc 
welding is very small, since all necessary details may be obtained readily from 
welding specialists. 

Arc welding achieves the simplest, cheapest, and strongest connection 
between the two parts, 1, and 2. The fact that the two parts, 1, and 2, may 
be manufactured separately and finished independently from each other, prior 
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the welding is important from the savings and production point of view. It 
educes the cost of necessary machine tools, operations, jigs and fixtures, as 
r pare d with the cost of manufacture of the one-piece blade. The entire 
blade, with the welded joint, can be polished internally and externally after 
the welding. The danger of tip break-off is entirely eliminated and the low 
itch vibration of the blade quiets the entire performance of the power plant, 
and the plane, respectively. 

The above method of fabrication is also applicable with proper changes and 
modification to non-ferrous alloy propellers. While the conventional blade 
carries a long and heavy inefficient shank, with a short fluttering, inefficient 
tip the present design embodies a light, hollow short shank, and carries an 
elastic, long blade, which is efficient throughout its entire length. It will be 
seen also, that the arc welding, with selected simplified material and design, 
eliminates all scrap from the manufacture of the propeller blade, and thus 
it greatly reduces its cost through the saving in labor and material. 

(b) Welded Steel Propeller Blade of the Rigid Skin and Reinforced 
Structural Steel Type. 

Some of the present-day conventional hollow-steel propellers have reached 
considerable success. However, close consideration shows that the large 
blades, particularly, need considerably further improvement. 

One of the reasons for the limitations of the entirely hollow, conventional 
steel propellers, lies in the weakness of their design as will be clear from 
Fig. 1. This figure shows that the resultant aerodynamical force R, of each 
propeller element acts in a direction substantially normal to the chord of the 
profile. Since the design of the conventional hollow steel propellers provides 
no direct strength or reinforcement in the normal direction, the material 
of the hollow section becomes weakened under the vibration stresses, and 
the section will burst. 

The present design, shown in Fig. 6, and Fig. 7, does not only alleviate this 
we akn ess, but readily improves the blade, by adding in the critical section 
of the profile a simple reinforcing member as at 5, in Fig. 6, and Fig. 7. This 
reinforcing member 5, passes throughout the entire length of the section, and 
places in the direction of the resultant aerodynamic load R, the necessary rein¬ 
forcement. With its height and major moment of inertia in this direction, 
it will withstand and resist all loads and vibrations in this direction. At the 
same time, it brings into reinforced coaction the suction and the pressure side 
of the profile of the blade. This reinforcing coaction greatly increases the 
transverse strength and stability of the blade, and it qualifies the structure for 
more severe applications than known heretofore. A substantial weight reduc¬ 
tion is also obtained for the same reason. 

The reinforcing member, 5, thus docs not only add its own structural 
strength to the strength of the profiles, but it eliminates transverse vibrations 
of the suction and pressure profiles with respect to each other under the 
resultant load R. This latter vibration is often called the breathing of the 
propeller. Its negative effect is the early failure of the material, and the reduc¬ 
tion of hydraulic efficiency of the blade. Evidently a vibratory profile has a 
worse circulation than a stable, positive, profile. Further, the reinforcing 
section produces a gain in hydraulic efficiency by way of better profile. When 
no reinforcing is provided in the hollow profile a heavier wall section auto¬ 
matically becomes necessary. But reinforced with a longitudinal beam as 
at 5, gives the design a better streamlined profile. From the above consideration, 
it is obvious that this structure has a greater resistance to both torsional and 
centrifugal force vibration stresses, and will stand greater rotary speed. 



126 


STUDIES IN ARC WELDING 



A more-than-two-compartment-profile design is shown in Fig. 9. Here are 
provided three beams, 7, 8, and 12, respectively, which divide the profile into 
four compartments. This design is provided for larger propellers where 
further reduction in weight, and gain in strength and rotary speed are 
imperative. 

As for the welding technique of such propellers, it will be seen that, for 
instance, the central beam 7, is welded first to the top and then to the bottom 
of plates 10'10, respectively, whereupon, the front and rear beam 8, and 12 , 
respectively, will be welded to the edges of the top and bottom plates 1040, 
respectively. Thus, it is forming, so far, two closed compartments. The 
leading end 2, and trailing end 11, of the section thus will be welded along 
the edges of the top and bottom plates 1040, respectively, of the central com- 
partments and beams 8, and 12, respectively. It will be noted that this 
structure, while it provides simple means to comply with the rigid requirements 
of good efficiency and perfect geometry of the profile, it gives, also, greater 
rigidity and strength at reduced weight per horsepower ratio. 

In the foregoing designs the profile plates 9, and 10, and 11, are contribut¬ 
ing substantially to the strength of the blade, since they are heavy and in 
welded rigid coaction with the axially extending longitudinal beams 7, 8, and 
12, thus forming part of the whole strength structure. In the following modifi- 
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FIG.- 13 

Figs. 8 and 9, (left). Design of more than 2-compartment profile. Figs. 10, 11, 12 and 13. 
(right). Novel blade structure is improved streamlined for light-weight propeller of larger 

sizes. 


cations, the strength structure will be separated from the skin plates or airfoil 
structure. 

(c) Welded Steel Blade of the Elastic Skin and Complete Structural Steel 
Body Type. 

Fig. 10, to Fig. 13, show a novel blade structure for improved streamlined 
and light-weight propellers of the larger si^es. The combination comprises 
axially extending beams 13, to 20, properly spaced and positioned in such 
a manner that they give lateral strength and resistance against thrust, centri¬ 
fugal and torsional forces, and, at the same time, provide the proper form 
for an airfoil section as in Fig. 11, and 12. 

At the shank, as in Fig. 12, the beams will be disposed in a similar way, 
inside a longitudinal straight cylinder. Further sections, as in Fig. 10, the 
profile plates 21, to 27, will be carefully formed and positioned to determine 
and fix the final relative position of the axial beams 13, to 20. The profile 
plates may be made by stamping as in Fig. 13, and sawed to sub-sections to fit 
between the longitudinal beams 13, to 20, as in Fig. 10. Appropriate welding 
fixtures will enable the welding as at W. It will be noted that the beams 13, 
to 20, are the main longitudinal stress members and they remain integral 
longitudinally, as in Fig. 11, to Fig. 12. The great advantage of the use of 
the stamped airfoil profiles, as in Fig. 13, is that they can be preset in their 
theoretical position by means of simple welding fixtures, and then be sawed 
into individual pieces prior to the final welding assembly, as in Fig. 10. 

Each adjacent beam and profile plate, respectively, thus forms a plurality of 
cells which are yet open from the top and from the bottom, but will be closed 
by the skin. The skin.may be wrapped around the strength structure, or pulled 
over on it, in stressed position from the shank end toward the blade. A two- 
part skin may be welded to the top and bottom of the strength structure along 
the longitudinal beams 19, and 20, respectively. The shank portion of the 
blades may be formed and finished as in Fig. 7, embodying the geometry of Fig. 
12. This design lends itself to very accurate profile control, and easy checking 
up of the pitch of the blade, particularly in aerodynamical respects. The skin 
uiay be made renewable, as primarily it is only a coverage, resting tightly 
against the beams and profile plates, and withstanding the vacuum and dynamic 
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pressure of the airflow. Since both the suction and the pressure aie less than 
one atmosphere, it is obvious that very thin sheet metal skin will perform this ; 
pressure duty. Breathing of the profile is thus eliminated, and considerable f 
weight reduction is obtained. The repair of the blade, due to skin disease be^ ; 
comes easy and effective by either exchanging, or patching up the damage. The ; 
new elements, 21, to 27, increase torsional rigidity and transverse stiffness of 
the blade, since they reinforce the beams, 13, to 20, as did beam 5, on the 

profile plates 3, and 4, in Fig. 7. , , , 

The facts that standard material of good alloy steel, and standard welding 
process, such as arc welding, may be used in the production of propellers in¬ 
crease productive capacity and possibilities of the Aircraft Industry, and 
provide the large aircraft with efficient and safe propellers. Due to the simpli¬ 
fied structure in this latter case, expensive dies are eliminated, heat treating 
processes greatly reduced or eliminated, greater finished values are produced, 
and further design changes at less expense are made possible. 


Factors of Judgment 


(a) Proportionate Cost Savings per Unit Blade by Arc Welding of Type 

II (b) and II (c), respectively. .. . „ 

Type 11(b) and 11(c) propellers may be compared with other propellers. 
Hollow steel types are made out of rigid skin, which is the strength-giving 
structure, and profile element of the blade. In this design, the forming of the 
profile is extremely difficult and warpage during heat treatment results in 
aerodynamic defects and unbalance of the blades. Aerodynamic unbalance 
means small profile irregularities which cannot be controlled by the process 
due to the insufficient nature of the design. Resistance welding is now used 
in the Aero Product, propellers. This propeller is entirely hollow, since rib 

5, is missing. (See Fig- 7.) - .. , 

The elimination of this deficiency by the new design permits a much lighter 
skin than the skin of the Aero Product design propeller. Also, due to the 
same reason, namely, the lack of reinforcement 5, the heat treatment of above 
propeller is very difficult, and results in substantial warpage. Too much 
checking and a great number of expensive control dies, jigs and fixtures, and 
repetitions, are necessary. The thinner skin in the present design reduces die 
work, necessitates smaller presses, etc., since it is much simpler to form the 
thinner sheets to the proper profile. Hydrogen weld really is less adaptable 
to thinner sheets as it is d iffi cult to control the welding at higher temperatures. 
Arc welding is controlled easier, and without skilled labor, furnishes repetitive 

results at lower cost. , . 

The brief outline of the main reasons for savings, as above, with design 
11(b), and II (c), clearly shows that while the total amount of weld, as one 
factor of the cost is practically the same in all of the designs, the immediate 
effect of rib 5, simplifies and controls positively the proper airfoil shape of the 
structure. It will be seen, also, that next to weight reduction, the proper 
shape is the most important factor in the production. Thus both weight and 
shape are greatly improved by the introduction of the rib element, 5. The 
main items of savings are as follows: 


( 1 ) 

( 2 ) 

O) 


Savings in cost of material 

etc.) . 

Savings in jigs and fixtures 
Savings in labor. 


(thinner plates, less welding rods, 

. 5 % min. 

* ’ *.10% min. 

..12% min. 


TOTAL 27% min. 
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Thus, the total relative savings figures from item (1), plus (2), plus (3), 
total of 27 per cent minimum. Estimated savings are more than twice 
X 1 lative savings. Cost of the jigs and fixtures will be distributed throughout 
^ mplete production period. First cost of two six-foot long blades was $215 
1 ch Propeller 11(a), two-part, knife-edge steel blade is new, and the first cost 
oftwo six feet blades was $250 each, without dies and fixtures. 

(b) Estimated Total Annual Gross Cost Savings Accruing From Arc 

^ arc W elding by the company in supplying its present orders 
f propellers in this novel arc welded design saves $5,000,000, in three-and- 
pvo-blade propellers, in figuring 25 per cent net savings for all size, blades, 
and a cost of $150 net for each single blade, large or small. 

2 The use of arc welding by the American aviation industry as per the 
present design will save about $50,000,000 per annum, at the need of past 
peace time conditions. 

Remarks: The cost of competitive conventional propellers to which this 
naper made reference was obtained as close as possible from material obtained 
from scientific publications, as herein referred to. Due to the rapid progress of 
the use of the arc welding process, more favorable figures are expected in this 


(c) Outstanding New Results and Social Advantages of Arc Welding. 
The solution of the above problems by new design and arc welding un¬ 
doubtedly will produce such far-reaching changes and advantages in national 
security and economy, that they will affect the future life of. every citizen. 
It will bring about a safer life, and sustain a better civilisation. The quicker 
these new designs and methods are put into effect the sooner economic stresses 
will decrease, and human sufferings and misery will stop. It is hoped that 
the above research will, also, stimulate better and further research, and con¬ 
tribute to the structure of a better world and scientific civilisation. 

Forward with the light of the process of arc welding! 



Chapter III—Redesign of Airplane Engine Tail Pipe 

By Martin Bulger, 

Foreman, American Airlines, LaGuardia Field, ]ac\son Heights, F{ew Yor \. 


Subject Matter: The author has redesigned the tail pipe to im- 
prove its strength and, thereby, eliminate the large waste incurred 
as a result of discarding the tail pipes when worn through at one 
end from motor vibration. The tail pipe is the section leading 
from the exhaust collector manifold and carries off the exhaust 
gases. The pipe is made of stainless steel. By adding strips of 
stainless steel to the mounting lip of the pipe, the author doubles 
the strength and thickness of the vibrating point and increases 
the life expectancy of the pipe. This addition is accomplished by 
means of arc welding at a total cost of $1.50 and would result in 
the saving of 50 per cent of the pipes necessary. 

Martin Bulger 



This present era in world history, with its full and absolute demands on 
time, manpower and materials, must of necessity bring about a change in values 
and the methods of appraising these values. In my opinion, time and the elimi¬ 
nation of waste are the deciding and prevailing factors in our struggle to 
survive. It was with that thought in mind that the problem of the redesign 
of the tail pipe of the “G-102” airplane engine was approached. 

This particular innovation can be accomplished only by arc welding. An¬ 
other method of welding would be completely impracticable, causing the pipe 
to warp and crack, and be unfit for any further use. 

The tail pipe, (See Figs. 1 and 2), is that particular section of the exhaust 
system, which leads from the exhaust collector manifold and carries off the 
exhaust gases. Due to the constant vibration, the collars connecting the tail 
pipe to the engine exhaust collector manifold, have a life expectancy of 
approximately 6000 hours. It has been the custom in the industry to remove, 
dispose of and replace this entire tail pipe section. The price per unit cost is 
$91.50, with labor approaching four hours each for two men. 

This tail pipe is composed of stainless steel about 52 inches long and 9 
inches in dameter. The collar section is connected by three one-inch lugs, 
breaking the exterior circumference into three six-inch sections. It is these 
particular sections that are affected by the motor vibrations and wear thin, 
causing the removal and replacement, with the entire tail pipe going into 
the scrap heap. This means an annual consumption by average airlines of 
about 40 tail pipes a year, and by the industry as a whole of a conservative 
175 at a total cost of $15,912.50 or roughly $16,000 plus the cost of 1400 man 
hours of labor necessary for the installation. 

By actual test, I have been able to redesign the unit as it leaves the factory 
to add 100 per cent longer life, and to effect repairs on present units to double 
their wear. 

This redesign is accomplished by arc welding as follows: Lay out three 
pieces of stainless steel sheet, 2 inches by 6 inches by 18-gauge. Divide each 
strip into four equal parts. Starting at a point % 6 -inch below the lower or 
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Fig. I. (left). Subject of study. Fig. 2, (right). Close-up of welds in tail pipe. 


inner lip, the part that will go on the collector manifold, cut an inverted V 
whose base is %-inch wide. This inverted V will take up the difference be¬ 
tween the outer and inner section of the collar which is bell-shaped in design. 
These three sections of stainless steel are tacked on to the original collar then 
welded. This doubles the thickness and strength of the vibrating point and in¬ 
creases life expectancy by the same ratio. 

The three strips of steel cost 10 cents each. The welding rod is 25 cents 
and the time necessary to complete the job is slightly less than one hour. 
Total cost $1.50. Total saving for the industry is a 50 per cent reduction in 
the number of pipes necessary, a saving of the 1400 man hours for the installa¬ 
tion on the new pipes at the end of the 6000 hours of use. Each pipe weighs 
23 pounds or a saving of a ton a year. 

The data assembled in the preceding paragraphs pertain only to the tail 
pipe, which was the principal concern of this author when effecting his 
original innovation. There are, however, two additional sections, namely, 
the bell section and the expansion joint which are similarly affected, require 
almost as much time and labor, cost as much to install, but whose cost totals 
about half the exhaust pipe cost'. 

In actual practice, it will be found that these figures of costs and savings 
are most conservative. It must be remembered that after the cessation of hos¬ 
tilities, an air-minded public will demand much more service, many more 
planes, more flying hours, and a proportionate increase in the demands for 
materials which will effect an even greater savings. 










Chapter IV—Arc Welding of Magnesium Aircraft Structures 


By Vladimir H. Pavlecka and John K. Northrop, 

Chief of Research and President , respectively, 
Northrop Aircraft, Inc., Hawthorne, California. 


Subject Matter: The research work de- 
scribed has resulted in the development 
of a successful method of arc welding 
magnesium alloys in aircraft construction. 
A tungsten electrode is used in a stream 
of helium. Additional weld metal is fed 
from an uncoated electrode. The paper 
describes the design and fabrication of 
wings of “monocoque’' type from mag¬ 
nesium alloy, for trainer planes. 


Monocoque Aircraft Structures—-During the last decade, monocoque, or 
semi-monocoque aircraft structures, in which all, or a substantial portion of 
the structure load, is carried in the skin, have come into general favor among 
airplane designers. A survey of modern aircraft finds few, if any, planes in 
which wings, fuselage, or tail structures are not substantially based on the 
stressed-skin principle, and many modern airplanes are almost solely depend' 
ent upon this principle for their long service life and rugged structural 
integrity. 

Pioneered more than 25 years ago, the airplane fuselage fabricated from 
glued and nailed wooden strips was the first element in which the stressed' 
skin principle was used widely with success. Beginning within the last 15 
years the same ideas have been applied with great advantage to steel, alumi¬ 
num, and magnesium parts, while the newer synthetic binding resins have 
been utilised with excellent effect to improve the wood-base structures of the 
pioneers of monocoque. 

The best and most efficient materials for use in pure monocoque con¬ 
struction are unquestionably those having low specific gravity and relatively 
high modulus of elasticity, in order that the material may have high com¬ 
pressive strength before buckling occurs. On this basis, certain plywood 
combinations, if uniform in quality and readily available in quantity, would 
no doubt prove of best structural value. 

Unfortunately, however, nature controls the quality of tree growth, and 
the quantity is very severely limited by the number of suitable trees already 
in existence at a time of emergency. Those with sufficient summers to re¬ 
member World War I can vividly recollect the shortage of suitable airplane 
lumber, and the resultant skyrocketing prices thereof, even as a result of the 
comparatively insignificant aircraft production of that day, and it is thought 
that even the most enthusiastic proponents of “plastic” (plywood) planes 
do not recommend their processes as applicable to more than a small portion 
of the present aircraft program. 

On the other hand, metals are available (though rationed as to use) in 
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uch larger quantities. Their qualities can be kept exceedingly uniform 
rison w ith those of a grove of trees, and production increases are 
dependent solely on men’s energies and ingenuities. 

Stressed Skin Metal Aircraft Structures—These facts led the authors, 

1 in 1940, to choose the held of metals in a research program directed 
eaf ^d obtaining more efficient stressed-skin aircraft structures. WTile it 
^realized that the miracle of the organic chemist's test tube might one 
J as duce a “true" plastic of outstanding physical qualities, nevertheless, 
g fieed was immediate, and there were available at hand metallic alloys 
having great promise. . . . 

In metals, as in other substances, low specific gravity m combination with 
Kish modulus of elasticity offered the most attractive field of research. 
Stressed-skin structures of steel have been commonplace in other fields of 
endeavor, but when designed to weight limits acceptable for modern aircraft, 
the result was almost always a comparatively thin sheet operating within its 
Budding range, and “stiffened" by a multitude of small formed beams, ribs, 
or stringers, spot welded or riveted to the main cover sheet. Here the cost 
of forming, handling, tooling and assembling becomes a serious if not pro¬ 
hibitive factor, although very efficient steel structures of a semi-rnonocoque 
type have been designed and built. 

As the best known and most widely developed of the so-called light 
metals, aluminum and its alloys have come to be almost universally used for 
most external aircraft coverings. 


Pioneered in European countries, at first largely to carry shear and torque 
bads as a wing and fuselage covering, aluminum has become within the last 
ten years an indispensable and major element in the designer's field of mate¬ 
rials, and is used, reinforced by strips, extrusions, beads, or ribs, for the 
major portion of the structure on most military and transport aircraft that 
fly today. In the earliest examples, aluminum was used in corrugated form in 
an effort to increase the effective thickness, while later, smoother surfaces 
were demanded to reduce the excessive drag always related to external cor¬ 
rugated skin. 

Flat aluminum sheet, however, must be regarded as having a higher 
density than desirable, and is rarely used without some internal stiffening 
strips or corrugations. Likewise, the comparatively thin cover sheets buckle 
within the range of normal-flight loads, as can readily be seen during a short 
ride in a modem transport. Also, while spot welding has been developed to 
an excellent degree of reliability for many of the aluminum alloys, an exact¬ 
ing technique is required in its use, and many joints must be made where the 
physical limits of spot welding equipment do not permit its use. 

And so we find most modern aircraft to contain from 100,000 to over a 
million rivets, each requiring a layout, at least one and often two punching 
or drilling operations, and, in a majority of cases, the attention of two operators 
to drive. Then comes an individual inspection of each rivet which, if not suc¬ 
cessful, requires replacement and the expense and delays attendant thereon. 

A further stimulus to the search for better, cheaper, and smoother aircraft 
structures lies in the fact that great advances in the science of aerodynamics 
have proven conclusively that the effects of rivet heads, (even if countersunk), 
local buckling, and general surface irregularities are much more detrimental 
than previously believed, and that the aerodynamic form of the external surface 
must be smooth, uniformly finished, and without local buckles if minimum drag 
is to be achieved. 
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Magnesium Allays—All of the above consideration led, early in 1940, to 
a further investigation of available materials and methods of fabrication. As 
the lightest of generally available structural materials, magnesium and its 
alloys soon proved most attractive. Less than two-thirds of the weight of 
aluminum, and not much over one-fifth as heavy as steel, such materials have 
a relative stiffness, for a given weight of 2.5 times that of aluminum and 19.5 
times that of steel. 

First developed in the United States by the Dow Chemical Company as a 
relatively useless by-product, Dowmetal alloys have recently assumed greater 
and greater importance in the manufacture of aircraft. Available in cast, 
extruded, forged, and rolled form, these materials have first been used largely 
in engines, wheels, other accessories and secondary structures rather than in 
primary parts, although usage in Germany (where the comparatively greater 
availability has rendered magnesium especially attractive) has been more wide¬ 
spread than in the United States. The facts that the production of magnesium 
is rapidly expanding, that the sources are inexhaustible (9,000,000,000 pounds 
in each cubic mile of sea water), and that next to beryllium it is theoretically 
the best possible material for simple metal monocoque structures, have assured 
its widespread use in aircraft. 

Research on Fabrication—Once a decision was reached as to the material 
choice, attention was at once turned to methods of fabrication. Magnesium had 
previously been spot welded and gas welded successfully. However, rivets of 
magnesium alloy work-hardened so rapidly during driving as to prove impracti¬ 
cal, so that other materials had to be used for rivets in the assembly of magne¬ 
sium parts. Also, the ideal surface smoothness for which we have been striving 



Fig. 1. Magnesium alloy arc welded. Left: Parent metal at top and weld metal at bottom. 
Right: Parent metal at left, weld metal at right 
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the obtained by lap'joints, whether riveted or spot welded, particularly in 
cann ° o £ t k e comparatively thick sheets which are employed in pure monocoque 
Gas welding was available as a means of attachment, but gas welding 

IcTonly be accomplished under the protection of a heavy flux, due to the 
C °t eme affinity of magnesium for oxygen and nitrogen, particularly at elevated 
eX oeratures. And, unfortunately, the successful fluxes available were ail of an 
^tremely corrosive nature, and rapidly attacked the resultant magnesium 
^sembly if the slightest contamination remained in the weld. 

After many disheartening attempts, the path of research led finally to 
the consideration of electric arc welding which had previously been considered 
impossible on magnesium. The first experiments led to many small-magnesium 
5res. An amazing number of preliminary experiments can be imagined, when 
all possible variations in alternating and direct currents, polarity, types and 
materials for electrodes, fluxes, and blanketing gases were tried. It is the 
belief of the authors that all the unsuccessful combinations were attempted not 
once but many times. Fluxes were soon abandoned from considerations of 
corrosion, and numerous efforts were made to weld, using various types of 
blanketing gases either in an enclosed space, or allowed to flow over the work 
from the vicinity of the electrode. The first glimmerings of success occurred 
when the arc was struck between the work and a magnesium electrode which 
was supported in a hollow receptacle through which helium, under low pres¬ 
sure, was allowed to flow into the weld area. With this arrangement, however, 
the control of the flow of material to the weld was erratic and blobs of the 
electrode appeared in a disheartening array along the weld. Various refractory 
materials were then tried for the electrode, and when the research program 
reached the stage where a tungsten electrode was used in a helium atmosphere, 
success instantly crowned more than a year of experimentation and the “Heli- 
arc” method of welding was bom. 

Electric Arc Welding of Magnesium—Basically, this method of electric 
welding, useful with all standard direct-current welding machines, consists 
in striking an arc between the work and a tungsten electrode, simultaneously 
feeding helium gas to the weld area through an annular nozzle surrounding 
the electrode, and feeding the additional weld material needed for the joint 
into the arc from an uncoated welding rod of substantially the same material 
as the work. Reversed polarity is used, that is, the current flows from the work 
to the electrode. The flow of helium, fed to the work area at .25 to .5 pounds 
per square inch, is controlled by a valve on the torch handle which is opened 
by the operator just before the arc is struck, and held open during the weld¬ 
ing process. The arc is very quiet during a “Hcliarc” weld, there is no tendency 
to sputter or throw materials from the weld as is sometimes the case with other 
processes, and a very uniform, high-quality weld can be obtained by an aver¬ 
age operator after short practice. This method of welding will shortly be 
made available to the public under license, and while it was developed primari¬ 
ly for use on magnesium, it will probably find extensive use on alloy and stain¬ 
less steels, where the results seem superior to those obtained by any other 
known method. The quality of the weld is high, the strength of the joint 
varying from 80 to over 100 per cent of the parent material, depending on the 
alloy and welding conditions, and there seems to be no limitation in the type 
of joint that can be made—butt, lap, tee, corner, and angle joints being made 
with equal facility. 

The helium blanket completely eliminates the use of any flux in the joint, 
and while minute quantities of tungsten are present in the joint, there are no 
adverse corrosive effects therefrom. Actually, the weld appears somewhat 
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more corrosion-resistant than the parent metal, there being a slight electrolytic 
balance which causes corrosion, if it appears at ail, to be present in the sheet 
adjacent to the weld rather than in the weld itself. This effect is so small, how¬ 
ever, as to be negligible for all practical purposes. Welds can be made with 
equal facility in rolled, cast, extruded, or forged parts, and some experiments 
have been made where cast and rolled or extruded parts have been welded to 
each other. 

The seams, fusion welded by the “Heliarc” process, are distinguished by 
their metallurgical purity, homogeneity, and absence of inclusions. Fig. 1 
shows a typical microscopic view of an etched “Heliarc”-welded seam in 
Dowmetal J-l magnesium alloy. From it will be apparent the close-grained, 
highly-packed fused metal, which has approximately two per cent higher 
density than the parent metal, acquired in the welding process. It will be 
particularly noted that the fusion boundary is gradual and deeply penerating. 

A typical torch assembly is shown in Fig. 2. Any good DC welding equip¬ 
ment is suitable for use in the k, ’Heliarc ,, method, and the process has a particu¬ 
lar attraction and importance in the United States, since our country is today 
the sole producer of this gas on a commercial scale and in large quantities, 
and also because considerable reserve volumes of it have been accumulated in 
the last six years. 



Forces Material Center, for test and inspection. Complete checks, including 
fatigue tests, were made and the weld qualities appeared amply good to 
warrant an immediate program whereby a primary aircraft structure, assembled 
of magnesium alloys by electric arc welding, would be built. As a result, a 
contract for a number of airplane wings for Army Air Forces BC-1 trainer 
airplanes was given to this company early in 1941, and the design and develop¬ 
ment of these wings was begun at once, using Dowmetal Jl-H alloy. 

It was reasoned that the application of magnesium alloys to aircraft con¬ 
struction could be accomplished along two different principles. The first and 
most obvious way would be to design a magnesium airplane structure for 
maximum weight reduction. This conception was studied with the conclusion 
that the undesirable physical properties of magnesium alloys (rapid strain 
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more corrosion-resistant than the parent metal, there being a slight^ electrolytic 
balance which causes corrosion, if it appears at all, to be present in the sheet 
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HEUARC WELDING- TORCH. 
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Fig. 2. Heliarc welding torch. 

Design Considerations—Shortly after the first successful c ‘ , Heliarc , ' t welds 
were made a large number of samples were submitted to the Army Air 
Forces Material Center, for test and inspection. Complete checks, including 
fatigue tests, were made and the weld qualities appeared amply good to 
warrant an immediate program whereby a primary aircraft structure, assembled 
of magnesium alloys by electric arc welding, would be built. As a result, a 
contract for a number of airplane wings for Army Air Forces BC-1 trainer 
airplanes was given to this company early in 1941, and the design and develop¬ 
ment of these wings was begun at once, using Dowmetal Jl-H alloy. 

It was reasoned that the application of magnesium alloys to aircraft con¬ 
struction could be accomplished along two different principles. The first and 
most obvious way would be to design a magnesium airplane structure for 
maximum weight reduction. This conception was studied with the conclusion 
that the undesirable physical properties of magnesium alloys (rapid strain 
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hardening, corrosion, etc.) would probably not permit a greater weight 
saving than approximately 10 per cent over a comparable structure made of 
aluminum alloy. In view of the established fact that only approximately one- 
third of the weight of a modern military airplane empty is the airframe, or 
structural, weight, the total weight saving would, at best, amount to some 3.5 
per cent of the empty weight of the airplane. 

This slight gain was judged to be overbalanced by the necessity of an 
extremely careful and expensive design which would require the use of rela¬ 
tively thin-gages of magnesium alloy sheet. It was therefore decided to favor, 
in the design of these wings, the perfection of the aerodynamic shape and sim¬ 
plicity and low cost of structural construction. These two qualities, in the 
estimation of the authors, are more important than small weight savings, pro¬ 
vided they can be gained without increase of commonly accepted structural 
weights. 

The design criterion adopted was, therefore, that superior and less costly 
magnesium airplane structures could be designed and built for the same weight 
as the present more expensive aluminum alloy riveted structures. The resulting 
design is shown in diagrams. Fig. 3 and Fig. 4. 

Design Applications —The wing design illustrated was not made analy¬ 
tically by taking the weight of the present BC-1 aluminum alloy riveted wing 
and reapportioning it to the various structural components of the magnesium 
alloy wing. On the contrary, the "Heliarc” welded magnesium alloy wings 
were designed synthetically from the test experience and data already accumu¬ 
lated, and from the calculated loads acting on the wing. These considerations 
determined the proportions and distributions of the structural component 
parts and also the type of welding seams to be used in connecting them. 

The calculated loads were based on the same design factors as used in the 
design of the riveted aluminum alloy wings already in service on BC-1 air¬ 
planes. Before the construction of the wings was begun, a very detailed weight 
analysis was made which indicated that the weight of the completed welded 
magnesium alloy wing structures should be approximately the same as that 
of the aluminum riveted wings. This has been approximately confirmed by 
actual weighing of the finished structures. 

The BC-1 welded wings are designed on the semi-monocoque principle, 
with an internal structure, mainly for the purpose of maintaining form. The 
principal stresses, due to bending and shear, are carried directly in the thick, 
non-buckling outer shell. The guiding design idea of structural simplicity was 
carried out to the extreme and it can be safely stated that there is hardly a 
part in the structure of the welded wings which does not directly carry a por¬ 
tion of the flight load. 

Structural Details—The whole wing structure is composed of only two 
basic elements: the sheet, forming the monocoque shell, and extruded sections, 
forming the internal structure. The versatility of arc welded construction 
made it possible to limit the number of various extrusions, such as "tees' 11 , 
angles, etc., to no more than four different sections. Furthermore, the prepara¬ 
tion of the profile sections and sheets was greatly simplified, because flange* 
for riveting, and elaborate templates for the shaping of parts and the coordina 
tion of multitudes of rivet holes, were no longer necessary. 

In order to provide ready access for inspection and repair, the wing was 
subdivided into two principal caissons by a span-wise, quickly-detachable grip 
joint on the upper and lower surfaces of the wing. This joint facilitates 
assembly and servicing, the latter being particularly important in a military 
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Fig. 4, Welded magnesium wing (bottom surface). 
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airplane. Fig. 5 shows the completed trailing edge portion of the wing. This 
caisson can be assembled in a few minutes with a similar leading edge portion 
into an integral load-carrying structure. On this structure there is fastened 
a “Heliarc” welded wing tip. Fig. 6, a welded landing flap. Fig. 7, and a 
welded aileron. Fig. 8. 

The internal structures of the nose and tail wing caissons are shown in 
Fig. 9 and Fig. 10, respectively. These parts are built up of “tee'” extrusions 
and sheet, welded into simple rib arch shapes having approximately the wing 
airfoil contour. This work is done on the bench in simple, adjustable jigs. The 
finished ribs are then welded onto the main shear webs and to the connector 
grip joints. This work is done in rotatable jigs, Fig. 11, and is easily accessible at 
all places where welding is required. 

While the internal structure is being assembled, the monocoque shell panels 
are being prepared on a steel top bench. The wing root material thickness 
of the monocoque shell is .150 inch on the top and .100 inch on the bottom. 
These thicknesses diminish in steps toward the wing tip, where the wing shell 
is .060 inch thick on both top and bottom, as shown in Fig. 3 and Fig. 4. The 
butt seams between the sheets of the monocoque shell are scarfed and “Heliarc” 
welded at an angle of approximately 45° with respect to the principal stresses, 
so that the welds are subject mainly to shear stresses. 





Fig. 5. (Top) Highly polished surface ready for chemical treatment and (bottom) trailing 

edge caisson. 

The rib arches are designed with vertical stanchions at the connector grip 
joint, alternatively located on the nose and trailing edge caissons, Fig. 9 and 
Fig. 10. When dismantled, the wing caissons are held in shape by these verti¬ 
cal rib members while, when the wing is assembled, they act as spandrel 
columns which carry the crushing loads induced by the bending deflection of 
the wings. 

The wing caissons are also equipped with supports and fittings for the 
controls of the ailerons and flaps, fittings for supporting the whole airplane on 
the ground from a jacking fixture, landing lights, electrical conduits, etc. All 
of these accessories are directly welded into the wing structure. External welds 
are smoothed over to the outer contour surface of the wing. All internal welds 
are left untouched except for brushing off the powder sediment after welding. 

The inner structure, when complete and after inspection, is welded to the 
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monocoque s k e ll j n jig Sa pig. 12. These jigs, as first designed, were rather 

an d complicated. Experience has shown that simpler and much lighter 
would have been just as satisfactory and certainly cheaper and more com 

The wing structure also could have been designed on the “spanwise princi- 
nle” that is by introducing spanwise stringers against the sheet and supporting 
them from a reduced number of ribs. The authors preferred the “chordwise” 
system here illustrated, as being structurally sounder and particularly because 
of its attractive characteristic of greater chordwise rigidity to resist compressi¬ 
bility loads that occur on modern wings of fast airplanes. 



Fig. 6. Welded wing lip assembly. 


Manufacturing Problems—In almost all welding, a certain amount of 
shrinkage distortion must be allowed for. Magnesium is no exception to this 
rule, and this phenomenon was the cause of some of the most persistent and 
annoying difficulties in the early stages of this development. A considerable 
number of tests led to making proper allowances in lengths for shrinkage and 
this difficulty was solved satisfactorily, as far as the dimensional control was 
concerned, at an early stage of the development. Sharp distortion due to shrink¬ 
age proved much more difficult to control. In structures of this nature, distor¬ 
tion manifests itself principally as buckling of the monocoque shell, particularly 
at those places where the curvature is not pronounced. However, there was 
developed a simple and satisfactory method of dealing with the buckling dis¬ 
tortion, which does not harm the metal either internally or externally. This 
method has been used on the shell surfaces of the wings described in this paper, 
and by its use it is possible to obtain smooth, non-buckled surfaces after weld¬ 
ing. By this method, heat and pressure are applied to the buckled structure 
through the use of ironing pads which relieve the internal strain in the sheet. 

To make certain that no excessive locked-in strains are set up in “Heliarc’'' 
welded structures, experiments were carried out to obtain the absolute value of 
internal strains in magnesium alloys induced by welding. At the worst, these 
stresses were found to be of the order of 1000 pounds per square inch maxi¬ 
mum, and are, therefore, of little consequence as far as the impairment of 
the integrity of “Heliarc^ welded magnesium alloy structures is concerned. 
This is probably due to the relatively low modulus of elasticity and low yield 
strength of these alloys. Both of these physical properties tend to adjust the 
metal structure readily to any internally imposed strains from welding. _ 

The amount of welding is not indiscriminate. Proportioning of the welded 
seams to the loads carried through them and selecting the type of weld to best 
fit the conditions of elastic flexure of the structure should be two recognized 
principles of electric arc welding application. It has been noticed that on a 
number of electric arc welded steel structures these principles have not always 
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Fig, 7. Landing flap assembly. 

been observed. The magnesium alloy “Heliarc” welded wings have been de- 
signed with great care in this respect. Full length seams are used only where 
necessary. Otherwise, the seams are of the interrupted type, either on one 
side, or of staggered interrupted type on both sides of the edge of a plate or of 
an extrusion attaching joint. These practices were made possible by the high 
metallurgical quality of the seams, their uniformly and relatively high strength. 
For design purposes, the Army Air Force allowed 7 5.9 per cent of the ultimate 
tensile strength of the metal to be used as the strength of the welded seams in 
tension. This figure is based on tests of seams made in the early stages of this 
development, and much higher uniform values are now being attained consist' 
ently as previously noted. 

The wing tip and the aileron, (Figs. 6 and 8), were made of .050 inch 
thick Dowmetal J-l annealed alloy. The reason that annealed metal was used 
for these two structures lies in the fact that loads on them are relatively low. 
Since .050 inch was self-imposed by the authors as the minimum practical 
sheet thickness of J-l alloy for this design, it appeared that annealed metal could 
be used with safety and with the advantage that such material is delivered 
, flatter than the equivalent gauge of the cold-rolled, strain-hardened JTH 
* sheet. Furthermore, the wing tips were formed to shape by drop hammering 
heated sheet (approximately 600°F.), which would have obliterated most of 
the cold-rolled strength of the Jl-H alloy. 

In point of accomplishment, the wing tips and the ailerons are even more 
noteworthy than the wings themselves. Both have already been tested for 
strength and found to be stronger than necessary and also more rigid than ex* 
pected from past experience with comparable aluminum alloy riveted structures. 

The utmost structural simplicity and the small amount of arc welding 
required to assemble the ailerons and the wing tips distinguishes these units 
as first class production articles. 

The landing flap. Fig. 7, is an open structure, simple and easily accessible 
for welding. The same few structural elements are used in its assembly as on 
the wings. 

The wings are attached to the airplane center section by riveted aluminum 
alloy flanges. This joint necessarily was copied from the aluminum alloy 
wings, because the arc welded wings have to fit, by exchange, a conventional 
riveted aluminum alloy airplane. 

Serviceability of Magnesium—In the past, magnesium alloys have suffered 
from two generally known and popularly misunderstood faults. One is the 
general fear of their inflammability and the other is a deep-rooted and, by past 
performance, somewhat justified, conviction that these alloys corrode rapidly. 

As to the first, the experience of the authors is that the fire hazard has 
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been greatly exaggerated. In spite of the intensive welding development of 
these alloys in the shops during the last two years, the only fires involving 
magnesium were those started deliberately for test purposes, or in experiments 
before helium was used. It was discovered that the zinc chromate primer, 
generally used by the aircraft industry, acts as a potent fire inhibitor on 
magnesium, and that it is in fact impossible to ignite these alloys, even artificial' 
ly, if they are protected by it. Magnesium retains its elastic modulus to much 
higher temperature than is the case with aluminum alloys. This is an extremely 
desirable property and in practice it means that a zinc'chromate-protected 
magnesium alloy structure will not collapse as readily as an aluminum alloy 
structure might do if exposed to fire. 

The weather durability of magnesium aircraft structures in service is still 
undetermined. However, a wealth of artificial corrosion testing, and also 
gratifying results of the use of magnesium alloys on several truck bodies 
through a number of years, furnish convincing proof that corrosion is not as 
dangerous as is generally believed, provided proper surface protection is given. 
This protection consists of treating the finished, welded and cleaned structures 
with sodium dichromate and painting them with standard sine chromate 
primer and two coats of finishing lacquer. This protection has been found to 
be sufficiently elastic under load, as well as abrasion resistant. 

One of the least desirable physical characteristics of the magnesium alloys 
is their inclination to strain corrosion. The elasticity of the surface finish helps 
here a great deal but, in addition, the authors deliberately avoided stress con' 
centrations in their design and saw to it that the maximum principal stresses 
anywhere in the wing remain low, viz. 12,600 pounds per square inch max' 
imumin compression and 19,170 pounds per square inch maximum in tension. 

Compared to the maximum allowable yield point in tension of 33,000 
pounds per square inch for Jl'H alloy, this utilization of the material seems 
wasteful. However, it was done deliberately in order to favor the rigidity of 
the outer wing shell, and also to diminish tendencies to strain corrosion. It 
is apparent, however, that as service experience is acquired it may be possible 
to design these structures for less weight than the equivalent weight of alumh 
mim alloy riveted structures, without abandoning the nombuckling principle. 

Static tests of magnesium wings have demonstrated that these wings are 



Fig. 8. Aileron and tab assembly. 
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ness and internal structure, some slight surface irregularities may exist, but 
these, at the worst, can be limited to long waves of very low magnitude which 
do not adversely affect the drag of the structure. In summarising this point, 
it may be said that a parasite drag reduction of at least 30 per cent may be 
obtained through the use of the new low-drag airfoils which, to the best of 
the authors’ knowledge, can only be built to proper accuracy and finish in 
“Heliarc” welded magnesium, if metal is to be used. 

Several extensive studies directed to the dollar value of aerodynamic im- 
provement have been published in the past. One of these * has been selected 
as representative because it is written by competent personnel experienced in 
air transport operations and shows careful study of all operative factors in its 
preparation. To evaluate the direct effect of the possible saving in parasite 
drag under all conditions of speed, trip length, airplane size, first cost, etc., 
would require an additional paper longer than this one. However, a near 
approximation may be made for reasonably assumed conditions. The article 
referred to uses a modern four-motored transport having a parasite drag 



Fig. 11. Trailing edge frame (above) and leading edge frame (below). 

coefficient of .024 as an example. For a trip-length of 900 miles, (correspond¬ 
ing to a two-stop transcontinental flight), and an operating speed (block-to- 
block or station-to-station) of 250 miles per hour, the cost of transporting one 
ton of payload per mile is estimated as 30 cents. If the parasite drag is reduced 
30 per cent to .0168, the cost per ton mile is reduced to 17.5 cents, evidencing 
a net saving of 12.5 cents. The payload for such a trip in the example air¬ 
plane may be conservatively assumed to be 2Vi tons, so that our gain in operat¬ 
ing cost per mile of flight is 31.25 cents. We now multiply the saving per mile 
by the speed in miles per hour (250) and the reasonable life expectancy of the 
airplane of at least 15,000 hours, (many modern transports are charged off 
over a six-year period, which corresponds to nearly 20,000 hours), and we 
arrive at the rather staggering total of $1,172,000 per airplane. In the light 
of such figures, it may be seen that from a broad viewpoint it isn’t particularly 
important whether the “Heliarc” weld costs more or less than the riveted joint, 
as the saving is about five times the total original cost of the airplane. The 
variation in cost between welding and riveting could be several hundred percent 

* t4 Some Economic Aspects. o£ Transport Airplane Performance” by W. C. Mentser- 
and Hal E. Nourse. Jour. Aero. Sci., Vol. 7, pp. 227-234, 302-308 (1940) 
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Fig. 12. Main wing jig trailing edge portion. 


either way without greatly affecting the ultimate economic value of the aero- 
dynamic gain involved. If we care to make one more step, and multiply the 
saving per airplane over its life by the approximate number of transports in 
operation in the United States prior to Pearl Harbor (say 400), the saving 
over the life of these ships is $468,800,000. 

The above figures are conservatively based on modern four-motored trans¬ 
ports of a type in use on American airlines in 1941. Recent airplane develop¬ 
ments presage the day when aerodynamic refinements may greatly reduce the 
use of items contributing to the parasite drag, such as fuselage, tails, and engine 
nacelles. On the all-wing airplane of the future, the difference in drag be¬ 
tween a conventional riveted aluminum airfoil and the low-drag wing made 
possible through magnesium “Heliarc” welded may be as much as 50 per cent. 
Leaving all other assumptions as they were, and for the same size airplane 
the saving per ton-mile becomes approximately 20 cents, the saving over the 
life of the airplane $1,875,000, and over the life of the 400-ship fleet, 
$750,000,000. 

These figures are all based on a 900-mile trip. After the war is over, trans¬ 
ports flying across the nation in eight to ten hours, and with only one stop, 
will soon go into service. On such longer hauls, the figures become even more 
impressive because the longer trips require a higher percentage of useful load 
to be devoted to fuel, and this increases the percentage of saving per ton-mile 
through reduction in drag, out of all proportion to the increase in trip length. 

Truly, the United States, with an unlimited supply of sea water, and the 
only known large reserves of helium gas, is in an enviable position. Perhaps 
the green glow of the “Heliarc” is tinged with gold—or something even better 
—the power to serve mankind through an ever-increasing abundance of the 
things that make life worthwhile. 









Chapter V—Arc Welding Airplane Boilers 
By H. A. Lebert and S. B. Willoughby, 

Inspector and Arc Welder, respectively, 

United Airlines Transport Corporation, Cheyenne , Wyoming. 


Subject Matter: Arc welding has made pos' 
sible a new type of boiler of light weight, 
low cost, and long service life. Arc welded 
seams withstand the corrugating process 
used in forming the core and shell of the 
boiler, whereas other types of welded seams 
do not. 


United Airlines, as one of the leading users of DC-3 Douglas air trans- 
ports, has long been aware of what might be called a “weak link 1 ’ in this 
airplane’s makeup, namely: the heating system and, more specifically, the 
boiler unit of that heating system. 

The DC-3 has always used the “steam” system wherein water is com 
verted into steam by contact with metal which has been heated by the engine 
exhaust gases. The steam is conducted to a tubular radiator inside the air- 
plane and gives up its heat to a stream of air brought in through a “nose 
door” located in the nose of the plane’s fuselage and carried through the 
radiator by means of ducts to the various parts of the plane’s interior. The 
steam condensate is returned to the boiler and again converted into steam. 

Suitable valves and regulators are used to maintain about 15 pounds steam 
pressure throughout the system. A surge tank serves as a reservoir to com¬ 
pensate for varying demands on the system. 

The radiators give practically no trouble in service; the valves and piping 
give average or expected service while the boilers, as mentioned before, are 
the “weak link” in the heating system. 

The original Douglas factory boiler was of tubular construction using 
some 18 tubes of varying length by l/^-inch diameter and made of stainless 
steel. These tubes were welded to suitable headers and located in the path of 
the exhaust gases from the engine. Water was fed into the lower header or 
sump and converted into steam as it contacted the exhaust-heated tubes. 
The steam thus formed was conducted to the radiator where it gave up its 
heat to the incoming fresh air for the cabin. The resulting condensate was 
returned to the boiler to be used again. 

This type boiler, which we shall refer to as the tubular type boiler, has 
been used with success by some airlines notably American Airlines Inc. In 
fact this type boiler was so improved by the use of arc welding that two 
members of American Airlines personnel won well deserved awards from 
the James F. Lincoln Arc Welding Foundation in the Foundation’s 1937-38 
program. 
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In view of such improvement the question might well be asked: “Why a 
..re rent type of boiler? 11 The answer lies in the fact that while all Douglas 
i DO3 airplanes are like so many peas in a pod in many respects, there is, 
h wever one important difference between the D03 equipment as used by 
the various leading airlines. That difference is the make and type of engine 

^To clarify: American Airlines uses the Wright, single-row, 9-cylinder, 
air-cooled engine whereas United Airlines, in contrast, uses the Pratt and 
Whitney twin-row, 14-cylinder, air-cooled engine. Since both these engines 
• e 0 ff plenty of hot exhaust gases for boiler heating, the question is fair: 
“What difference does it make which engine is used? 11 The answer is 

vibration. 



Fig. 1. Forming the stainless steel alter it is cut to proper size. 

The periods of vibration encountered with the’ use of the twin-row, 
14-cylinder engine, while smoother to the passengers nevertheless are any¬ 
thing but friendly to the stainless steel tubes in the tubular-type boiler. The 
welds did not fail under vibration but the tubes did. Seams would open in 
the bends of the tubes with clock-like regularity after about lpO hours 1 
service. 

Thus, it can be seen that the answer to one airline engineer’s prayers is 
not necessarily the answer to some other airline’s problem. 

In order to combat this “demon” vibration, one of the writers, H. A. 
Lebert, early in 1938 designed what is known as the United Airlines “cor¬ 
rugated boiler.” This design did not permit vibration of any of its parts yet 
provided flexibility to compensate for wide extremes of temperature with 
attendant expansion and contraction. The first units were made in a drop 
hammer as stampings, that is, sheets of stainless steel were formed into half- 
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tubes, placed between male and female dies and tbe corrugations stamped one 
at a time. Then the two half-tubes were trimmed to match and gas welded 
on each side to form a continuous corrugated tube. This tube formed the 
core of the boiler. Two similar stampings, but with shallower corrugations, 
were then stamped, fitted and welded on the outside of this core to form the 
boiler shell or jacket. The hot exhaust gases from the engine came in contact 
with the core, thus heating and converting into steam the water which was 
introduced between the core and the jacket. The finished boiler looked very- 
much like the boiler shown in the accompanying photographs. It was a 
success in combating vibration and gave at least twice the service life pre¬ 
viously obtained from the tubular type boiler. 

The Douglas factory had repeatedly reduced the price on its tubular type 
boiler until it stabilised at $150. United Airlines could make the stamped, 
gas welded, corrugated boiler for an average price of $60 per unit. This 
price would vary slightly on different lots of manufacture depending on 
whether a standard grade of 18-8 stainless steel or the more expensive Inconel 
was used. 

We should like to point out that all price figures used are United’s cost 
in time and material plus 100 per cent for overhead. 

It might also be well to mention at this point that United Airlines has 
never patented this corrugated type boiler but has made its design available 
to the industry. For a time. United supplied such airlines as Northwest, 
Pennsylvania-Central, Pan-American and K.L.M. (Holland) with corrugated 
boilers of United’s manufacture. Many of these companies now make their 
own boilers patterned on United’s design. A few units are still sold by 
United but United’s prime interest is the supplying of the needs of its own 
fleet. 

As mentioned above, the stamped, gas welded, corrugated boilers cost 
approximately $60 to manufacture. This $60 represented $15 for labor and 
$15 for material or $30 per boiler, plus 100 per cent overhead. 

No one could or did object to a boiler cost of $60 compared with a 
factory price of $150, especially when the corrugated boiler gave a service 
time of 250 hours as compared with 100 hours for the tubular-type boiler. 
Since the tubular-type represented an investment of $150, it was felt that 
repair should be made at the time of 100-hour failure. Such repair was 
usually made with the result that an additional 25 to 75 hours service was 



Fig. 2. Welding core blanks in fixture. 
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, ined However, it must be remembered that this ""first failure 1 ' is im- 
ob a nt as it may result in a ""cold trip" with resultant passenger discomfort, 
Pj tc These are intangible costs but of great importance in the success- 
fil'operation of any airline. 

IU With its greatly reduced first cost the corrugated boiler could be junked 
the time of its first failure (250 hours) on a ""dollars and cents" basis if 
j* . j anc j thus not run the risk of an early second failure after repair as 
t^ened with the repaired tubular-type boilers. 

11 stamped, gas welded, corrugated boiler was, in brief, a decided im- 
ovement in cost and service over the tubular-type boiler for use on twin- 
P r r engined DC-3 airplanes. However, the writers were not satisfied. The 
two welds on either side of the core represented a lot of welding that was not 
a t0 g e t at. The two stamped halves of the core had to be trimmed to fit— 
awaste of material and time. The service time ceiling, we felt, could be raised. 

This thought kept recurring: why not roll a sheet of stainless into the 
correct size tube and then roll the corrugations into this tube? 

Always the same speculative answer: ""Can't be done! Even if the stainless 
steel would take such a beating the weld never would!" 

And the critics were right insofar as a gas welded seam was concerned. 
But they failed to take into account an arc welded seam! 

So it was that early in 1940 we started on the process that has evolved into 
the present sequence as shown in the photographs with this paper. Through 
the use of arc welding, we have reduced the manufacture of corrugated 
boilers to its simplest form. The least expensive type of 1 8-8 stainless steel 
was found to last almost as long as the more expensive types. Labor opera¬ 
tions have been reduced to a minimum. 


Fig. 3. lathe used in corrugation. 
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Fig. 4. Set-up for turning concentric grooves. 

To break down a typical lot of boilers, let us look at Shop Work Order 
No. 9797 for the manufacture of 80 corrugated boilers. This specific work 
order when completed had a total labor charge of $472.35 covering 531% 
man hours. The total material charge was $624.94 giving a total of $1097.29 
for 80 boilers or a unit cost in time and material of $13.72, ($27.44 each 
with 100 per cent overhead). These 80 boilers gave an average service life 
of 400 hours. In view of the extreme low first cost it is apparent that a boiler 
can be discarded upon its first failure. There is no high first cost to dictate 
repairs and questionable second-hand life. 

It will, thus, be seen that boiler life had been stepped up some 4 times 



Fig. 5. . Grooves formed in welded seam. 
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/100 hours to 400 hours) while cost had been stepped down from $150 to 
$27 44 ($13.72 plus 100 per cent for overhead). Or to compare w^th the 
former stamped and gas welded corrugated boiler, we have a reduction in 
cost from $60 to $27.44 a saving of $32.56 or 54 plus per cent. The total 
fleet savings on 40 DC" 3 airplanes over a year’s time would approximate the 
saving pet unit multiplied by 400 (10 boilers per plane per year) or $13,024. 

The yearly savings over the factory supplied boiler at $150 would be 
much higher: $150 less $27.44 times 400 or $49,024 and that would be on 
the assumption the factory or tubular boilers lasted as long as the corrugated 
boilers. Actually the tubular type has but one half to one fourth the life of 
the corrugated boiler when used in conjunction with twin-row engines. 



Fig. 6. Another view of the corrugating operation. 


It would not be fair to compute savings to the entire industry since the 
tubular boiler has proved its merit on single-row engines such as used by 
American Airlines. However, to the credit of the corrugated boiler it can be 
said that over 2000 units have been manufactured by United Airlines alone. 
Of these, at least 1000 have been of arc welded and rolled construction. 
They are in service in the far corners of the earth having been sold to such 
far-flung lines as Pan-American and K.L.M. of Holland. In addition, our 
design has been adopted by Northwest Airlines and Pennsylvania-Central 
for their own manufacture since United has made the corrugated design 
available to the industry at no cost. So we can safely say the arc welded 
rolled corrugated boiler has been a decided step forward in the never-ending 
search for the ultimate in airline passenger comfort, and at a cost never 
before reached. 

If such a picture seems fantastic, let us turn to the photographs showing 
the steps in the boiler’s manufacture. If the old saying, "'It’s the simple 
things that have the greater merit” ever held, it holds for this boiler con¬ 
struction made possible by arc welding. 

Photograph, Fig. 1 shows the first forming of the .050 inch thick stain¬ 
less steel after being cut into the proper size. Core blanks here being 
rolled into tube form. Each blank in the flat is 18-inches by 28 x % 2 inches 
so that when a standard factory stock sheet (36-inches by 120-inches) is 
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Fig. 7. A finished core with welded shell blank ready for slipping into position. 

cut down the center we avoid waste material as the trim is used to make the 
upper and lower sump blanks (6-inches by 12-inches). The outer shell for 
the boiler is likewise formed into a tube before it is welded. The shell blank 
is ll]/8-inches by 29 % 2 'inches. The attachment lugs and the steam outlet 
neck use up the narrow trim strips so none of the metal is wasted. 

After the core blanks have been rolled into tube or pipe sections they 
are clamped into the welding fixture shown in Fig. 2. 

The supporting pipe shown in Fig. 2 has a copper backing plate to back 
up the weld and to dissipate excess heat. Two heavy spaced bars provide a 
clamp for holding the core in position. The core is first tack welded in about 
a dosen places and then a continuous weld is made as shown. The electrode 
used gives good penetration and forms a ductile weld—the heart of this 
method of boiler fabrication. After the flux and some of the surplus weld 
have been removed we are ready for the machine shown in Fig. 3. 

The machine in Fig.. 3 is a standard lathe holding a large steel shaft on 
which has been turned several concentric grooves. The ball-bearing-sup- 


Fig. 8, (left). Bolling the corrugations into the shell. Fig. 9, (right). Drop hammer operation 

for forming the boiler sumps. 
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ported roll shown mounted on the carriage is shaped to mesh with the roll 
grooves on the shaft. Metal clearance for the boiler material is allowed be- 
tWeen the two rolls. All the roll surfaces are hardened and polished to 
stand up under the action of rolling the stainless steel as well as the abrasive 
action of any stray particles of flux remaining. 

The setup shown has rolled over a thousand boilers with practically no 
maintenance cost. 



Fig. 10. Stainless steel blank changed into sump after one blow. 


Fig. 4 shows a boiler core blank in position on the roll and, ready for 
having the first corrugation formed. End plates held in position on the roll 
proper by set screws, accurately locate the position of the first corrugation. 
These end plates also serve to keep the first corrugation at true right angles 
with the core. The first corrugation is important as it forms or provides the 
“lead” or master guide on which all the other corrugations are patterned. 

A light coat of oil is put on the inside of the core blank before it is 
placed on the roll. No lubrication is used on the outside. 

After the first corrugation has been formed, the end plates are removed 
since each corrugation now being rolled is guided and spaced by the last 
preceding corrugation riding on the outer groove of the main roll. 

In Fig. 5 can be seen the terrific punishment the. arc welded seam is 
subjected to. The ability of the arc weld to withstand this roll-forming ac¬ 
tion is what makes this inexpensive, efficient method of boiler 'fabrication 
possible. Flame or gas welded core blanks crack and tear under this rolling 
action. 

Since the rolling operation is the “heart” of this method of boiler fabri¬ 
cation we have added extra view of the operation in Fig. 6. 

The standard depth of the corrugation is V^inch. The operator secures 
this depth by reading the indicator on the feed screw. In addition, he uses 
a depth gauge as occasionally some lots of sheet stock are harder than 
others with a corresponding greater amount of “spring back”. j 

Fig. 7 shows a finished core with a welded shell blank about to be 
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Hoped into position over the core. After the shell blank is in position on 
the core, the shell ends are arc welded to the core and the assembly again 
placed on the roll as shown in Fig. S. 

F In Fig. 8 we have the corrugations being rolled into the shell. The shell 
and core corrugations have to match as the core is being guided by the 
inner roll grooves. The shell corrugations are only % 6 -inch deep but the 
arc welds are subjected to considerable tension since both ends of the shell 
are welded to the core with the result that the shell is really being stretched 
into place whereas the core could pull metal from the unrolled end during 
its forming or “corrugating” process. 



Fig. 13. Method of sizing each end of boiler. 


Note how the core weld has “left its mark” on the shell surface, thus 
showing the extreme pressures that weld and metal are subjected to. 

Figs. 9 and 10 show the drop hammer operation for forming the boiler 
sumps. Two zinc dies as shown convert the stainless steel blank (.050 inch 
thick) into a sump with one blow or impact. 

Both upper and lower sumps are the same stamping. 

Fig, 10 shows the stainless steel blank changed into a sump after one 
blow or impact from the upper die. 

Fig. 11 shows the component parts of the boiler at this stage of assembly. 

The shell has had elongated holes burned through at each corrugation. 
These elongated holes will permit the steam, which will form between the 
shell and the core, to escape into the upper or steam sump. An equal number 
of holes but much smaller in size have been made in the side of the shell 
directly opposite the steam vents. These smaller holes permit the water to 
pass from the lower or water sump up into the space between the shell and 
the core. It will be remembered that the core corrugations are /z inch deep 
while the shell corrugations are %6-inch deep. It is the space thus created 
that acts as the steam-forming chamber. 
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Fig. 14, (left). Inspection lor leaks. Fig. 15, (right). A finished boiler. 


The sump in the lower lefthand comer is the water sump and will have 
the pipe-threaded boss welded into it while the sump in the lower right- 
hand corner will have the steam outlet flange welded into it. 

The lugs for attaching the boiler to the airplane exhaust pipe are shown 
in the lower center directly above the boiler's nameplate. 

The welding jig shown in Fig. 12 is used for the assembly of sumps, 
steam outlet flange, water inlet fitting and attaching lugs in accurate posi¬ 
tion on the boiler core and shell. Such assembly, of course, makes all boilers 
readily interchangeable on any airplane. 

So that all boilers will have the proper fit on any airplane exhaust pipe 
we size each end of the boiler as shown in Fig. 13. The upper or front end 
of the boiler has a plug to size the inside diameter while the lower or rear 
end of the boiler is sized in a ring. 

The bar leading down to the steam outlet holds the boiler so , that it can 
be pulled out of the ring. The recessed plate on the operator's right is 
moved to the left until it contacts the boiler shell's corrugations and thus 
holds the boiler for removal of the plug in the upper or front end. 

The press used is air-operated with the control lever mounted on the 
right upright. 

Inspection of the boiler, (See Fig. 14), is made after it has been sand¬ 
blasted to remove all weld slag. The boiler is plugged at the steam outlet 
connection and connected to an airline at the water inlet fitting. Under 110 
pounds air pressure the boiler is submerged under water for the detection 
of any flaws or pin holes. If any are found they are welded and the boiler 
again tested under pressure. 

In Fig. 15, we see the finished boiler ready for stock or installation on 
an airplane. It weighs slightly under 15 pounds as compared to approxi¬ 
mately 30 pounds for most tubular-type boilers. 

The Airlines estimate that every pound of surplus weight which can 
be removed from their transport planes is worth $20 per year. On this 
basis, we can claim a saving of $300 per plane per year in weight reduc¬ 
tion. Since our boiler cost (with 100 per cent for overhead) was just under 
$30 and each plane required 10 boilers per year, we are forced to the 
^paradoxical conclusion that arc welding as exemplified in the rolled, corru¬ 
gated boiler has given the company good boilers at no cost. 









Chapter VI—Arc Welding of Airplane Parts 

By W. S. Evans, 

Materials and Process Engineer, CurtisS'Wright Corporation, 
Airplane Division, Lambert Field, St. Louis, Missouri. 



Subject Matter: The general procedure to be followed in deter- 
mining whether a part should be fabricated by arc welding and 
the procedure applied to several parts of an airplane. The welding 
sequence for a landing-gear support assembly is given in detail. 
A new design for tube attachment replaces the usual “’fishmouth”. 


W. S. Evans 


Arc welding has been for years an established commercial process. Only 
recently, however, has the aircraft industry availed itself of the numerous 
advantages offered by this method of assembly. Although its use has been 
steadily increasing, the full potentialities of its application have not yet been 
realised. Where arc welding is to be used, the designer must consider the 
method of fabrication before releasing the drawing for production. It is the 
purpose of this article to illustrate the method of application of arc welding 
in aircraft production. 

First, it may be well to discuss the general procedure which may be followed 
in determining whether a part should or should not be fabricated with arc 
welding. Assembly processes which are in common use are: 

Arc Welding 
Oxy-acetylene Welding 
Silver Bracing 
Copper Bracing 
Resistance Welding 

1. Spot Welding 

2. Flash-butt Welding 

3. Butt Welding (push type) 

4. Seam Welding 
Bolting 

Riveting 

Each method is subject to design limitations and the cost of manufacture 
of the assembly must include the fabrication costs of the component parts 
as well as actual assembly time. If the cost of producing the detail parts is 
increased more than the savings resulting from a particular process, the design 
is not sound—other factors being equal. It is important to weigh the advan¬ 
tages of a process at the time preliminary design is made to avoid later redesign 
because of certain process limitations. 

Frequently, a designing or engineering department or a particular manu¬ 
facturer inadvertantly becomes accustomed to the use of one or more, of these 
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Fig. 1. Section of engine mount ring assembly showing box-type gusset. 

processes and fails to give fair, unprejudiced consideration to the use of the 
best possible process. A certain amount of this “inertia 1 ' 1 was present in the 
aircraft industry. However, with the advent of “all-out 11 effort, a great deal 
of thought has been expended in developing better production methods result' 
ing in greater production at less cost. 

If, after all methods of assembly have been investigated, it is decided 
to use arc welding, the following process development procedure may be used. 
It is not necessary, in all cases, to use every step that will be mentioned. 
It is wise, however, to consider the possibilities presented by each step. 

Laboratory and Test Procedure—If the design is new or much different 
from designs in use, it may be necessary to obtain experimental and factual 
data to back up the choice of process. Metallurgical and structural charac' 
Leristics of a design detail, such as a joint design, can be established by these 
tests. 

Due to “high strength per unit weight requirement 11 of many aircraft 
parts, it is necessary to use alloy steels. The section thickness of alloy steels, 
is well as mild steel, is a critical design factor. Welding machine and electrode 
manufacturers generally make available average physical values which can 
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b used only where a relatively high factor of safety exists or (in the case of 
rtain alloys) where heat treatment after wielding is employed. The strength 
C f “As welded” work will vary considerably, depending on the technique 
°sed and upon the thickness of stock being welded. These data should be 
determined in the laboratory and should be available to the design engineer. 

With these data, a final design may be developed taking advantage of 
the following general rules: 

1. Proper Joint Selection. 

Edge welds should not be used where maximum stress is at root of joint. 
Butt joints should be preferred to singledap joints in pure tension. Sufficient 
scarfing must be available to insure proper penetration. These are only illus¬ 
trative examples of a subject that is beyond the scope of this paper. 

2. Material. 

The material best suited to meet all requirements should be selected. 
Many aircraft designers arbitrarily use chrome-moly alloys, where mild 
steel would prove most satisfactory. 

3. Prefabricated Parts. 

Selection of rolled sections, plate, forgings, tubing or machined component 
parts to meet structural and welding requirements must be made. 

4. Forming. 

Where inexpensive mechanical forming is involved, parts should be so 
designed as to use the least amount of welding. For example, in an open- 
topped box section the assembly could be made of five separate flat pieces, 
all requiring welding on each edge except the top. This is obviously more 
expensive than forming the part from one piece by blanking out a cross-shaped 
section and bending up the sides, welding only the closing edges. 

5. Location of Weld. 

Use weld metal in the most effective way. A fillet weld in one location 
may be more effective than the same fillet in a different place. 



. 2, (right). Landing gear drag brace as originally designed. Fig. 3. (left). Landing gear 
drag brace redesigned to simplify fabrication. 
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Fig. 4a, (left). Conventional fish mouth design and Fig. 4b, (right). New scalloped design 

for tubing attachment. 

On new designs, or changeovers it is a simple matter, in many cases, to 
fabricate samples for destructive test in the laboratory. Such samples will 
bring out possible future shop complications, such as cracking, inaccessibility, 
excessive shrinkage, etc. In some instances, where fatigue stresses are of 
primary consideration, laboratory tests on a specific part are imperative, due 
to lack of knowledge on the fatigue characteristics of arc welded structures. 
The possibility of deviations from certain questionable design limitations, at 
present in effect in Government specifications, may thus be determined. 

Establishing Shop Procedure—A correct shop welding procedure must 
be developed to insure quality coupled with minimum cost. Order of assembly, 
preheating, size and type of electrode, machine settings, number of beads, 
sises of welds, joint and metal preparation, subsequent heat treating, if any, 
and part tolerances all play an important part in this procedure. If possible, 
jig and fixture recommendations should also be made. 

The simplest method is to establish a set of conditions, based on previous 
experience, and vary one factor at a time until the correct procedure is 
evolved. Order of assembly is often dictated by the design and can be readily 
established. Wherever possible it is advisable to assemble parts into sub- 
assemblies and then into the major assembly. The prefabrication of sub- 
assemblies permits the use of less skilled labor which is . an important item 
particularly under present conditions. Such a procedure is followed in the 
assembly of the landing gear support which is discussed later. 
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Preheating should be avoided if possible because of the increase in assembly 
st and the necessity for additional equipment. It is most commonly employed 
C ° the welding of closed sections and complicated shapes where stress concen¬ 
trations in the welds may cause cracking. Structures which may “give” 
slightly to absorb the welding stresses seldom require preheating. ' 

& Ske and type of rod is ordinarily determined by past experience or the 
recommendations of a rod manufacturer supported by laboratory and produc- 
tion tests. The alloy steel used in aircraft, usually requires the use of a coated 
alloy rod capable of subsequent heat treatment, to approximate results of 
simultaneous parent metal heat treatment. Size of electrode is determined 
by the thickness of the parts to be welded and the type of bead. Single-pass 
beads will require a larger rod size than two-pass beads for the same joint. 
While a single-pass bead is usually the most economical, it may not be struc¬ 
turally sound due to lack of filler metal and penetration on a particular joint. 
Metallurgical examination to determine grain size of multiple-bead versus 
single- or double-pass welding must be considered. Structural and heat treat 
requirements will dictate the final weld procedure. 

The arc characteristics indicate the proper machine setting. A smooth even 
arc with a minimum of spatter will generally produce the most satisfactory 
weld. Jigs and fixtures must be designed for accessibility and ease of assembly. 
Setup time is an important factor in welding costs and appreciable savings will 
result from good jig design. Frequently, the use of two or more jigs per- 
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mitting the use of unskilled labor for loading and unloading will result in 
remarkable saving. 

A certain tolerance should be allowed for the dissolution of welding 
stresses, thus eliminating possible inherent cracking. It is often practical to 
design a particular part to permit distortion to take place in a predetermined 
direction. This will minimize straightening or, if the part is to be machined 
after welding, the distortion can take place where the machining will eliminate 
it. Positioning is important in jig design. Horizontal welding is faster and 
less fatiguing than vertical or overhead and should be used wherever possible. 

Part tolerances are set up by the engineering drawing. However, shop 
practice may necessitate a change to insure sound welds. The combination 
of a minus tolerance on one part and a plus tolerance on a mating part may 
lead to difficulties. Too wide a gap is difficult to weld and is not conducive 
to structurally sound welds. Tightening of tolerances may increase machining 
costs and this must be balanced against improved weldability. 



Fig. 6, (left). Unmachined landing gear support assembly. Fig. 7 , (right). End view of 
landing gear support assembly. 


Correcting Defects in Established Shop Procedure —Defects in an estab' 
lished shop procedure sometimes occur due to unforeseen complications. A 
change in the chemical analysis of rod or parent metal may lead to cracking 
difficulties. Slight variations in parts may change the stress distribution during 
welding producing excessive distortion or weld cracks. Altering sequence 
of welding or other procedures may be necessary to minimize these conditions. 

Perhaps the most common problem in aircraft welding is cracking. It 
should be realized that cracks result from welding stress which is greater 
than the ultimate strength of the material. An excellent example of designs 
conducive to cracking is the box gusset used on aircraft engine mounts, (See 
Fig. 1). Here we have a closed section where it is difficult to dissipate the 
welding stresses. Very elaborate procedures have been developed to overcome 
this problem. One of the most successful solutions is to lay the bead in such 
a manner that the weld ends in the center of a straight bead section and not 
on a curve or angle. Totally or partially welded gusset plates may require 
slight “dishing" 1 to eliminate tensional draw stresses. Also, high-speed produce 
tion welding may require preheating. 

Jigs or fixtures may be too light, causing difficulty in holding tolerances. 
If reconstruction of jig is too costly, inexpensive cooling of critical sections 
through the use of “soldered-on 1 " copper water pipes is, in some instances, 
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solution. In some cases, regardless of jig construction, a high shop- 
cycie may require water cooling. 

The repair of cracked welds is not difficult. It is, however, necessary to 
id out all of the crack before laying the repair bead. If any of the crack 
t will cause failure of the new bead. Some care is necessary in deter- 
when the crack is completely removed. A magnetic inspection machine 
be effectively used for this determination. 

The items just discussed are typical shop complications which must be 
corrected on the job. 

Time Study—After final production procedure is established, a time 
study is in order, giving definite labor costs and correlating necessary depart¬ 
mental subassembly production with total plant aircraft production. In 
assembling time data, every effort must be made to obtain facts under actual 
production conditions. Proper allowance for fatigue and relaxation must 
be made. A number of time studies should be obtained on, if possible, several 
workmen in order to obtain a representative cross section of departmental 
labor costs. In comparing production time on various processes, all factors 
particular to any one process must be considered. If an arc welded assembly 
permits broader tolerances than another assembly method resulting in reduced 
machining time, this factor must be considered as well as the actual process 
time. Where preparation of component parts is similar as in arc and gas 
welding, the actual process time will be the determining factor. 

Time study data is based on the actual welding time plus an allowance 
of 25 per cent for tacking, straightening, cleaning, delays and relaxation. 

Final Savings—If a part is a “changeover”, final savings should be re¬ 
corded, including time, quality and speed. This is important, as future designs 
may be developed based on past experience. In this connection it should be 
noted that arc welding has a number of “hidden” advantages which enable 
a manufacturer to give his customer “more for less.” 

This process permits quick change in design, to meet a new requirement, 
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Fig. 8. Side view of landing gear support with cut-away to show interior welding. 
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or to correct a fault in an existing design. Such changes are impossible to 
make quickly, at low cost, if a supply of castings or forgings is on hand. If 
the parts are bolted or riveted together, a change may involve punching-die 
or drill-jig alterations. Arc welding permits making most changes instantly, 
and also changing stock parts to latest design. 

Comparatively little time-consuming preparation is actually required to 
go into production on a new part, as no patterns or other preliminary prepara¬ 
tion is required. Removal of metal by machining may be held to a minimum, 
and where rolled sections are used, physical defects such as blow holes, sand 
inclusions, etc., may be virtually eliminated. Salvaging scrap work is readily 
performed in most cases. 

A final evaluation of costs must include both labor and material. The 
arbitrary figure of 100 per cent of labor and material used in computing 
overhead is well below actual overhead costs. However, this figure will serve 
to give a suitable conservative means of comparison. Pro-rated equipment 
costs are not included as they are relatively equal for both arc and gas welding 
and are negligible when compared with other costs. 






M 
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Fig. 9, (left). Top view of landing gear support with cut-away to show welding of a 
support. Fig. 10, (right). Top view of landing gear support with cut-away showing welding 

of webs on gussets. 


Electrical energy and electrodes are the materials used in arc welding. 
Power is sold in kilowatt hours. The KWH used by a welding machine 
depends on the ampere and volt settings and the welding time. 

To complete the picture, tooling costs, equipment depreciation, floor space 
and engineering labor can be included where considered necessary. A com¬ 
parison of total cost obtained will indicate the savings resulting from a 
particular choice. 

To illustrate the foregoing with actual aircraft parts, a number of examples 
will be discussed. These parts were picked out to show how this procedure 
was followed to arrive at a final conclusion. However, some parts of this 
procedure were not necessary due to previous experience which did not 
require repetition. Some omission will be apparent due either to the restricted 
nature of the item involved, lack of data, or lack of time. 

Tube-Forging Assembly In a Landing Gear Drag Brace—Preliminary 
design of this part indicated that either arc or gas welding would have 
to be used. The part was originally laid out as shown in Fig. 2. Stress 
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calculations proved that X-4130 tubing and 4140 forgings heat treated to 
180 000 pounds per square inch would be needed to carry safely the design 
load of 152,000 pounds. The heat treating of the assembled part as originally 
designed presented many difficulties. Such a shape would be difficult to 
quench and obtain uniform hardness due to variation in cross sectional area. 
Distortion and subsequent straightening also caused by the heat treatment 
would be excessive. The use of large heat treating jigs to prevent warpage 
was considered impractical. 

The possibility of heat treating the component parts beforehand and 
assembling by means of arc welding was discussed. The problem of uniformity 
of hardness would be eliminated by this method as well as a large portion 
of the distortion. Any necessary straightening would be a relatively simple 
operation. It was realised that the heat treat condition in the vicinity of 
the weld bead would be impaired by this process. Fortunately, the greatest 
structural requirement was in the center of the assembly with lighter loads 
at the four ends. This, however, eliminated the possibility of welding the 
cross member after heat treating. A redesign breaking the cross member into 
two sections was developed. Each of these parts was designed as a forging 
to be bolted together in the final assembly of the part, (See Fig. 3). 

This design permitted welding independently each section of the cross 
member to the tubing forming the legs. These parts could then be heat 
treated without any serious problem. The change in cross sectional area 
between tubing and forging was not considered serious. The end forgings 
could then be heat treated independently and arc welded into the assembly. 

The remaining problem was the type of machined joint that would be 
used in the assembly of the end forgings to the tube. It is immediately 
apparent that the welded end of the forging must slip into the tubing. In 
addition to stress factors, if a standard "fishmouth” joint was used, the 
amount of forging base needed would add to the weight of the finished product. 

The "general shape"’ of the end attachment is illustrated in Fig. 3. The 
tubing is 2% X .187, X-4130 steel and the forging is 4140 steel. Stress re¬ 
quirements at the joint are complex, but indicate that if the tube and weld will 
stand 152,000 pounds axial compression load, the joint may be considered 
satisfactory. It was, of course, necessary to provide a factor of safety. 

Conventional aircraft design dictates "fishmouth” construction to permit 



Fig* 11, (left). Leg end forging subassembly for engine mount. Fig. 12, (right). Ring sub¬ 
assembly for engine mount. 
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greater fillet weld cross section. A number of test “fishmouth" specimens 
were made up using various arc welding procedures to determine their com¬ 
pression strength: 

Sample 1. Two standard “fishmouth" design units as illustrated in Fig. 
4a, plus the terminal forgings used in this assembly, were heat treated to 
180 000 pound per square inch and then arc welded using a ]/q inch rod 
with single bead weld. Compression tests were run. Welds were sectioned, 
etched and examined macroscopically. 

Sample 2. Two standard designs as outlined above. Heat treated to 
200,000 pounds per square inch and arc welded. The weld base was cut 
to a uniform 45° angle on the arc of the tube making an included weld 
angle of 135°. A single-bead weld was used. 

Sample 3. Samples prepared as above except a 90° angle weld base was 
provided for the full length of the weld. A two-bead weld was used, the 
first laid in the angle and the second overlaid. 

The results of these tests were somewhat discouraging, as in each case 
the break occured in the weld, and failure took place at loads close to the 
minimum requirements. It was decided to try a design never before used 
(to the writer's knowledge) in aircraft construction—a “scalloped edge" as 
illustrated in Fig. 4b. This unconventional design permitted considerably 
more fillet weld cross section. 

Sample 4, consisted of four specimens—2 welded by single beads and 
2 welded by triple beads. A complete tabulation of data and test results 
is shown in Table I. In addition to the gain in linear inches of fillet weld 
it should be noted that a fillet weld as indicated in Fig. 5 a is stronger than 
one made as indicated in Fig. 5b where the same length of fillet weld is used 
in both cases. In either case, a 45° fillet breaks in the throat, and in Fig. 5b 
the entire load is applied at that weak point in straight shear. In the case 
of Fig. 5a, the actual load at the throat is the Pi vector of the total load P. 
If a 45° fillet is used, then Pi = 0.707P, and the strength of the joint is 
obviously increased. It is also interesting to note that by lengthening the 
horizontal leg of the fillet, it is possible to make Pi or the shear vector smaller 
than P 2 or the tension vector as indicated in Fig. 5d. This immediately 
strengthens the weld, regardless of increase in horizontal leg. 

For the purpose of mathematical calculation to indicate the amount 
of increase in strength, we will assume that P x is greater than 5/4 P 2 so that 
the weld failure will be due to tension loading. An analysis of the forces 
at the break indicates that P 2 is the determining factor, and since P 2 is in 
tension, the increase of strength in such a fillet weld in compression or tension 
may be shown mathematically: 

if: the allowable normal stress in tension or compression 
equals fct S" 

then: allowable shearing stress equals approximately 4/5S 
hence: if the safe load per linear inch of fillet of a weld as in¬ 
dicated in Fig. 5b is assumed to be 2000 pounds, 
then: safe load of a fillet designed per Figs. 5a and 5d would 
be: 

2000 5 

- X —, because the weld would break in tension 

COS 0 4 

through throat per P 2 vector. 
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Fig. 13. Metallographic comparison of arc and gas welding, arc welding above, other 

method of welding below. 


In computing stress, engineers are apt to use shear values for fillets in straight 
shear as experimentally determined by Fig. 5b, whereas the redesign to place 
the weld fillet as shown in 5a will result in greater strength. 

Metallurgical examination of single*, double* and triple*pass welds showed 
that a triple*bead produced the best weld characteristics. The single-bead weld 
produced only limited penetration due to necessity of obtaining good appear' 
ance. The double*bead gave fair penetration, but large grain size in the first 
bead. The triple'bead weld using a larger rod for the first 2 passes, and 
a small diameter rod for the final pass produced a weld with good penetration, 
and no difficulty in obtaining a smooth outside appearance. Grain size with 
the triple weld was satisfactory. 

While a single*pass bead using large rod would result in some savings, 
it was not considered because of the rigid structural requirements of the 
part and the results of the laboratory tests. Production welding was per' 
formed with simple positioning jigs. The fabrication in subassemblies reduced 
the jig expense and eliminated much of the warpage during welding. 

Machining of the redesigned attachment end was performed on a mill' 
ing machine. One big advantage in this type of end joint is the presence 
of an approximately 90° included angle for the laying of the weld bead. 
This permits simpler welding technique and improved penetration. 

No major production problems have arisen on this assembly. All parts 
are magnetically inspected after welding for cracks or other defects. The 
type and size of the structure minimizes the possibility for cracks and no 
trouble has been experienced. 
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It should be remembered that this part was specifically designed for arc 
welding, therefore actual time-study comparison cannot be presented. How¬ 
ever, similar joints have been gas welded with production costs definitely 
established by many years of experience. Based on this experience, costs, 
outlined in Table II may be considered accurate within ± 5 per cent. 


Table II —Time and Costs of Arc Welding the Landing Gear Drag Brace 


Arc Welding 

Item Time Cost 


Joint Preparation ... :10 $ .18 

Welding Labor @ $1.00 per hr... 1:40 1.67 

Gas Welding Rod.— .83 

Power Cost @ 1^ per kwh.._.-----.—~. .05 

Heat Treatment .-. 1:00 1.10 

Straightening .-----.- :30 .40 

Overhead .-. 4.23 

TOTAL FABRICATION COST PER PIECE. $8.46 

Savings by Use of Arc Welding. $9.30 

PRODUCTION TIME SAVED. 3:12 


It may be wise to summarise the reasons for the use of arc welding on 
this part. 

1. It was considered necessary structurally to use a process which would 
produce a minimum amount of heat. In this manner, the effect on the heat 
treatment of the component parts would be lessened and would make possible 
the use of subassembly fabrication. 

2. Relatively close tolerances were required and it was felt that the arc 
welding process would produce less distortion than gas welding and reduce 
expensive straightening. 

3. The “as welded'” strength of the arc bead in this case is greater than 
a comparable gas bead. It was necessary to obtain maximum strength to pro- 

* vide a reasonable margin of safety. 

4. From experience, it was evident that the arc process would produce 
a considerable time saving because of the ease of the welding operation. 

Landing Gear Support Assembly—The assembly shown in Figs. 6 and 7 
was originally designed with very little preliminary consideration. The 
assembly of this part resulted in high costs and many shop complications. 
Rejections were so high, due to cracking and distortion, that it became 
evident that a different assembly process would have to be used. It was 
agreed to change to arc welding. This change, however, did not solve the 
problems in itself and it became necessary to develop a rigid preliminary 
shop procedure to guarantee acceptable parts. 

Because large quantities of the component parts of this assembly were 
| already on hand, it was impossible to change the design except in minor de¬ 
tails without incurring considerable cost and time loss. At this point, it is 
interesting to note that this part presented a serious production bottleneck 
which demanded immediate solution. Cracking along the weld beads was 
the paramount problem. This occurred, in most cases, in welding the end 
forgings to the tube and welding the interior gussets, (See Fig. 10). 
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Fig. 14. Section of engine mount ring assembly showing box-type gussets. 

The end forgings are 4140 steel while the tube and sheet metal parts 
are X-4130. Because of structural requirements, it was necessary to have 
the tube in the heat treated condition, while the forgings could be used with' 
out heat treatment. For the same reason outlined in the previous section, 
it is not practical to heat treat after complete assembly. Here again, the 
major load requirements are on the center of the tube (creating a torsional 
twist through the hole) permitting arc welding the normalised and forgings 
to the heat treated tube subassembly. The strength at this joint is not 
seriously impaired by the reduction in heat treat due to welding. 

With these conditions in mind, a number of production assemblies were 
made. From observation the following relatively involved shop procedure 
was developed. The complicated procedure which is outlined serves to indicate 
the care necessary to overcome difficulties in welding a structure of this type. 
Reference should be made to Figs. 8, 9, and 10 in following through this 
procedure. 

1. All parts of the beam subassembly are roughffilled to a loose fit. 

2. The component parts of the beam subassembly are placed in the weld' 
ing jig. The stiffener, bosses, clips and supports are tack welded at two 
places with % 4 dnch rod. The collar is tacked at four places at the small 
end inside the beam with % 2 "inch rod. 

3. The subassembly is removed, from the jig and heated to 400°F. All 
welding operations are made with the part at this temperature. 

4. The parts are arc welded to the beam with % 4 "inch rod on the 
stiffener and bosses and using % 2 'inch rod for the clips, supports and collar. 
A definite order producing minimum cracking defects was necessary. 

(a) Stiffener. Welding is begun between the tack welds and finished in 
four operations using four rods. 
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/b) Bosses. Welding is begun between tack welds. % of circumference 
• welded leaving the % adjacent to the collar unwelded. This section is 
1S Irled when the continuous bead is welded around the collar producing 
better penetration and appearance of the collar weld bead. 

(c) Clips. Weld outside of clip from one corner around the 90° bend 
to the opposite corner. Inside of clip is welded from edge to edge in one 

°^ e (d) Supports. Weld completely around in two operations, starting bead 

^ etV ?e) Collar. This operation proved relatively difficult and required close 
control of procedure. The small end of the collar is welded inside the beam 
followed by welding of the large end of the collar on the inside. The small 
end of the collar is welded on the outside, also, filling in unwelded portion 
of all bosses, all in one operation. The large end of the collar is then 
welded on the outside. 



Fig. 15- (left). Arc welded engine mount assembly. Fig. 16, (center). Bottom view of 
exhaust gas fairing. Fig. 17, (right). Top view of exhaust gas fairing. 


5. The subassembly complete except for the interior webs is buried in 
mica flakes and held until cool. After cooling the part is normalised to 
eliminate as far as possible all welding stresses. 

6. After normalising, the three webs are fitted into the assembly and tack 
welded to the tube. Tacking to the collar tends to produce cracks. 

7. Assembly is preheated to 400°F. Webs are welded to the collar, 
afterwards welded around curvature of the tube. When welding webs 
around the tube, the assembly is tilted at a 45° angle and turned slowly 
so that weld bead is laid in a cradle positioned 45° fillet. This makes for 
easier welding of the webs and prevents undercutting. Assembly is positioned 
and turned so that welding is done on a flat or slightly vertical plane, thereby 
keeping slag from running ahead of the weld puddle. 

8. Assembly is again cooled in mica flakes followed by sand blasting 
and magnetic inspection. 

9. If cracks are indicated, they are repaired as follows: 

(a) All traces of the crack are removed with a small grinding wheel. 

(b) Magnetic inspection is used to check complete removal of crack. 

(c) Assembly is heated to 400 °F. and repair weld made followed by 
cooling in mica flakes. Again, magnetic inspection is used to check the 
repair weld. 

10. The beam subassembly is heat treated to 150,000 pounds per square 
inch and machined to drawing requirements. 

11. End forgings and the heat treated beam subassembly are assembled 
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in the welding jig. As the welding tends to draw the ends of the forgings 
in toward the beam, a slight taper is allowed in the jig. 

12. With the temperature maintained at 400°F., the ends are welded 
in place, and then the entire assembly cooled in mica flakes. 


Table III—Time and Costs of Arc Welding the Landing Gear Support 

Assembly 


Arc Welding 

Item Time Cost 

Preheating _______ :12 $ .14 

Welding Labor at $ 1.00/hr. 

1 . Beam subassembly .—.. 1:00 1.00 

2 . End Forgings ---- :40 .67 

Welding Rod or Electrode....--- .75 

Power Cost at 1$ per kwh__ .05 

Heat Treatment .....—. 2:00 2.20 

Straightening .....-.-. :30 .38 

Overhead ...-.-.-. 5.19 

TOTAL FABRICATION COST/PIECE..... $10.38 

SAVINGS BY USE OF ARC WELDING.... $18.62 

PRODUCTION TIME SAVED... 5.3 hrs. 


13. The assembly is sand blasted and inspected for defects as outlined 
above. 

This very detailed procedure has been given to show what is required 
in the arc welding of complicated assemblies to give trouble"free production. 
Prior to the development of this assembly method, rejections were running 
approximately 75 percent. When complete welding control was established, 
rejections became negligible. Despite the involved procedure, the arc welding 
method produced a considerable time saving. The detailed cost and the resultant 
savings are indicated in Table III. 

Motor Mount Assembly—No preliminary development was necessary to 
establish correct design or structural characteristics as this is a standard 
assembly which has been in use for some time with slight modifications. Tubular 
and sheet metal parts of the assembly are X"4130 alloy steel and the attach" 
ment forgings as shown in Fig. 11 are 4140 alloy steel. Laboratory checks of 
representative arc welded samples, (See Fig. 13), made by production welders 
indicated superior penetration and greater density with arc welding. These 
photomacrographs show an obvious gain in quality. 

Shop procedure was relatively simple, requiring no complicated jigs, or 
preheating. The only joint which required careful attention is the box"type 
gusset illustrated in Fig. 14. 

No difficulty from cracking was encountered in the first production items 
due to the experience developed in other mounts using this type of gusset. 
However it is interesting to note the procedure which was used. If gussets 1, 
2 and 3 are welded in that order, with no definite procedure of starting or 
stopping welds, then cracks may be expected in the last (or closing) weld. 
When gussets 1 and 2 are welded, the residual stresses are dissipated by a 
slight movement of the tubes 4 and 5. However, when gusset 3 is welded, the 
structure is so rigid that it resists movement resulting in cracks at the weakest 
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points. Preheating or slight dishing of the gussets has been used to overcome 
this problem. However, if all weld beads are started and stopped in the 
middle of "flat" surfaces, such as shown at point “a" in Fig. 14, then residual 
stresses per unit of cross section are lessened, resulting in a minimum of 

cracking. _ 


'^pable IV—Detailed Time for Arc Welding the Motor Mount Assembly 

Type of Weld 

NO. OF TIME IN MIN. FOR ARC 
WELDS Time/Piece Time/Mount 

30 °~angle splice welds. 

. 2 

10 

20 

Washer-to-lug welds... 

. 28 

3 

84 

Lug-tO'ring welds..—.-.-. 

_ 14 

6 

84 

Double-joint welds. 

.. 3 

20 

60 

Single-joint welds.-. 

. 2 

10 

20 

Box-gusset welds.■ 

. 9 

20 

180 

Strip-gusset welds (in and out). 

. 4 

20 

80 

Oil support bracket-to-ring welds. 

. 4 

10 

40 

Wrap gusset welds.- 

. 8 

15 ’ 

120 

Double-tube-to-fltting-joint welds. 

.. 4 

25 

100 

Plate gusset welds.—. 

. 4 

20 

80 

Fishmouth splice welds. 

. 8 

5 

40 

Lift ring-to-ring weld... 

. 1 

15 

15 

Cowl-support-to-ring welds. 

. 4 

15 

60 

*TOTAL IN MINUTES__ 



983 

♦TOTAL IN HOURS.. 



16.4 


*Welding time only 

Table V—Time and Costs of Arc Welding of Motor Mount Assembly 


Arc Welding 

Item Time Cost 


Welding Labor @ $ 1.00/hr. by Units 

1 . Ring sub-assembly . 11:28 $11.49 

2 . Leg sub-assembly . 3:00 3.00 

3. Mount assembly . 1:55 1.94 

Welding Rod or Electrode____3.17 

Power Cost @ 1^/kwh_ .57 

Straightening . :30 .38 

Overhead ..... 20.55 

TOTAL FABRICATING COST PER UNIT. $41.10 

Savings by use of Arc Welding per Unit.—.. $104.18 

PRODUCTION TIME SAVED PER UNIT. 26.4 hrs. 


The part is made by welding the ring and support attachments, (See Fig. 
12), as one subassembly and the supports as independent subassemblies (See 
Fig. 11). These subassemblies were then welded in a standard jig to complete 
the assembly, (See Fig. 15). Previously welded mounts invariably produced 
more pronounced tendencies towards cracking, particularly in the box-type 
gussets. Arc welding, using the procedure just outlined, further reduced this 
trouble. This incidentally reduced inspection and repair costs which may be 
considered “hidden" savings. 

Table IV is a detailed breakdown for the welding time only. Assembling 
a motor mount with arc welding results in a total cost savings per unit of 
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$104.18 as shown in Table V. Even with no time saving or improvement in 
quality, in view of the lower cost of arc welding, the continuance of the 
other method could not have been justified. Actually, there was a considerable 
time saving and quality improvement. 

Exhaust Fairing—The assembly illustrated in Figs. 16 and 17 is an exhaust 
fairing made entirely of stabilised 18-8 steel. Design is controlled by aero- 
dynamic and operational requirements rather than structural. It is most 
difficult, even with photographs, to convey the unusual complexity of the 
shapes of the 5 component parts. 

Ths component parts are preformed to the desired shape and assembled 
in a definite order. Gas tight seams are necessary to control the flow of exhaust 
gases properly. Because of the relatively complicated shape and intricate 
design, the danger of warping or distortion during welding is evident. No 
change of design to minimize this condition could be developed. Arc weld' 
ing was chosen as the method of assembly because it produced less heat and 
was a more rapid process. Starting and stopping tabs were added to facilitate 
high-speed production. 

Preliminary examination based on previous experience and consultation 
with other companies making similar parts indicated that relatively elaborate 
jigs would be required. First consideration was given to the construction of 
collapsible water-cooled copper back-up blocks and holding fixtures to maintain 
shape and tolerances. A complete set of jigs was manufactured for this purpose. 
Necessarily, these jigs were rather clumsy and not conducive to high-speed 
production, although satisfactory results were obtained. 

When the first production parts were being made, it was noticed that 
there was sufficient overlapping of metal sheets to permit tack assembly by 
the use of resistance spot welding. An experimental fairing was assembled 
and it developed that, by use of this method of holding the parts together, 
the elaborate welding jig could be- eliminated. Arc welding after preliminary 
spotweld assembly did not result in excessive distortion when welded outside 
of the jig. This was due to the inherent rigidity of this particular design. 

This combination of spotwelding and arc welding on gas-tight stainless 
steel structures presents possibilities of appreciable savings over methods 
generally in use for this type of assembly. The secret of this method is to 
incorporate sufficient rigidity into the prefabricated spotwelded assembly 
prior to arc welding. 


Table VI—Cost and Time of Arc Welding the Exhaust Fairing 


Arc Welding 

Item Time Cost 


Spot Welding _..... :07 $ .08 

Welding Labor....... :2 5 .42 

Power cost at 1 $ KWH__ .02 

Grinding _____ :30 .38 

Straightening . 1:30 1.13 

Overhead ___ 2.26 

TOTAL FABRICATION COST PER PIECE. $4.29 

SAVINGS BY USE OF ARC WELDING. $3.07 

PRODUCTION TIME SAVED_ 1.06 his. 
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TZ^Vll _Total Savings in Time and Cost on 60,000 Planes Through Use 

of Arc Welding 


Savings in Time Cost on 60,000 Planes 
Assembly Cost Savings in Dollars Time Savings in Hours 


Landing Gear Drag Brace. 

Landing Gear Support. 

Motor Mount .. 

Exhaust Fairing .— 


$ 558,000 
1,117,200 
6,250,800 
170,400 


187,200 

318,000 

1,584,000 

63,600 


TOTAL SAVINGS _ $8,096,400 2,152,800 hrs. 


This part was assembled by arc welding the two interior pieces of the 
tube and then assembling this subassembly with the other component parts 
by means of spotwelding. Arc welding of all seams is then completed. Table 
VI shows the savings in time and money through the use of this procedure. 

As was stated at the outset, the potentialities of arc welding in aircraft 
construction have not been fully realised. Substantial savings in time and 
money, have, however, been made through its use and greater savings may 
be expected as its use is expanded. 

Unfortunately, present war and government restructions do not permit 
the release of total annual time and money savings. However, if all of the 
arc welded assemblies discussed were used on each of the 60,000 planes men¬ 
tioned in President Roosevelt’s aircraft production program for 1942, the total 
possible savings would have amounted to $7,874,400 and 2,152,800 man hours 
(see Table VII) as compared to previously used conventional methods of 
assembly. 








Chapter VII—Arc Welded Tubular Fuselage 
By Alan C. Renn, 

Assistant Foreman in Charge of Arc W elding, 

Vultee Aircraft Inc., Vultee Field Division, Vultee Field, California. 


Subject Matter: Airplane fuselage. This paper stresses the im* 
provements in arc welding procedure between 1940 and 1942. 
Welding time per fuselage has been reduced 60.3 per cent. Use 
of the larger electrode sizes and a proper balance between quality 
of weld have had an important effect. Other contributing factors 
include: simplification of design, use of subassemblies and use of 
automatic conveyor equipment. 


This report on the tubular fuselage of the Vultee Valiant basic trainer 
is not intended to show the advantages of an entirely arc welded structure over 
outmoded acetylene welding methods. To do that would be to reiterate 
a foregone conclusion that has been proved endlessly by others. Rather, I 
will show the amazing progress that has been attained in the arc welding 
field itself. 

The fuselage, (See Fig. 11), is comprised of 15 attachment forgings and 
bushings, 295 gussets, brackets, and fittings of 4130 chrome-moly sheet stock, 
ranging in thickness from .035 to .095, and 110 pieces of 4130 chrome-moly 
tubing. The wall thickness of the tubes and the quantity percentages of 
each is as follows: 

.035 — 74% .058 — 4% .083 — 2% 

.049 — 13% .065 — 6% .095 — 1% 

Altogether, a total of 410 parts are arc welded into one integral unit. 

The original engineering estimate for the man hours of welding for each 
fuselage is given at 100 percent. With production going into full swing in 
June of 1940, these figures were lowered to 72.50 percent at the very begin¬ 
ning. From then on, steady improvement was made to the present day low 
of 28.75% welding hours for a completed unit. Many factors have entered 
into this improvement, and I will attempt to show these factors by comparing 
methods used in 1940 and the present day: 

1, Electrode Sues—Rod sizes used are as follows: 

1940— 1/16-80%, 5/64-15%, 3/32- 5% of the total used. 

1942- 1/16- 5%, 5/64-45%, 3/32-50% of the total used. 

The trend to increase electrode sizes was the keynote in attaining our 
present production rate. Procedures were changed to permit longer con¬ 
tinuous welds, and welders were encouraged to use larger rod sizes. This, 
to some extent, was made possible by developing new techniques in manipula¬ 
tion, principally the use of more current and choking of the arc when welding 
on thin material. 
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In this manner, the operator starts with a normal arc length, shortens the 
arc and “rides 1 " the rod when the parent metal accumulates excessive heat. 
The arc is then lengthened, shortly before intersecting another weld or upon 
continuing on heavier material, and vice-versa. Another important advantage 
in the use of larger rod was found in the welding of small parts where welds 
were extremely short. A 1/16 rod is good for making only two half-inch 
welds, whereas a 5/64 rod will do for 6 or more. 

2, Subassemblies—The breakdown of the fuselage into as many sub- 

and operations as practicable has had a decided bearing on the 
^ rate. In this manner the operator will now have from three to 
six jigs to rotate on in the building of a section, whereas one jig was used 
in 1940. This allows more accessible jigs to be constructed and circumvents 
any necessary waiting by the operator for the set up of parts. 

3, Time and Motion Studies—Time studies have been made and put into 
practice for the placement of work. Thus the welders have the correct 
number of different subassemblies to build or operation to perform on the 
main frame to make a standard work day. Motion studies have resulted in 
the use of fast operating electrode holders and the elimination of a goodly 
portion of slag removal by hand. The balance is taken care of in the final 
sand blasting operation. 



1. Arc welded tubular fuselage 






180 


STUDIES IN ARC WELDING 


4, Conveyor Equipment—Vultee has, to the best knowledge of this writer 
the first powered, automatic conveyor line for aircraft welding. This has 
eliminated much of the time formerly lost in advancing the stations by hand 
with resulting confusion of welding cables, relocation of ground cables, and 
other equipment. 

5, Ratio of Quantity to Quality—This has been one of the outstanding 
problems encountered by supervision and management and one of the strongest 
factors in utilizing the superior speed and strength of arc welding. At the 
start of production, emphasis was made on appearance. This, no doubt, was 
a carry over from the day of the hand made airplane. Our job, therefore, was 
to prove that arc welding applied at a rate conducive to high speed production 
might be uneven and at the same time surpass specifications for strength. 
When this was proved, we had only to level off at the correct quantity-quality 
ratio for the most profitable results. 

6, Simplicity of Design—As previous welding was done with acetylene 
and little consideration was given quantity production, the “Valiant 1 ’ fuselage 
was at first a very intricate design. With the introduction of arc welding, the 
need was soon apparent for simplifying the structure. For example, one large 
tube was substituted in place of several small ones, and one bracket was 
redesigned to do the work of two or more. Another important point was 
gained by increasing the edge distance of sheet stock parts to permit the oper¬ 
ator to weld with speed and ease without burning the edges. 


The results of the foregoing factors may be seen in the following figures: 

Man hours Cost per 
of welding unit 


1940 . 100% * 100% 

1942 . 40% * 39.47% 

Savings . 60% * 60.53% 


* (Based on an average hourly rate of $1.10) 


As the number of men necessary to weld one fuselage has been more 
than cut in half, hidden savings must also be taken into consideration, not 
only in dollars, but in precious manpower and material for the all out war 
effort. If twice the number of men were needed, we would be compelled 
to double the amount of tooling and floor space. 

Although the total amount saved through the use of arc welding in the 
past two years is meritorious, conversion of these savings into figures at this 
time would give a clue to the Vultee warplane production rate and must, 
therefore, be withheld. 


As we look to the future, we know that arc welding will continually add 
to the efficiency of aircraft manufacture as it has in the past. New, per¬ 
fected electrodes, procedures, and improved equipment will guarantee this, 
and arc welding will prove a vital factor in the all out production effort needed 
for victory. With the coming of peace, new and greater fields will open for 
our craft, and arc welding will become as effective a tool for the peace-time 
aircraft industry as it has become during the war. 






Section III 
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Chapter I—Arc Welded Diesel-Electric Freight Locomotive 

By John H. Hruska, 

Chief Inspector, Electro'Motive Division, General Motors, LaGrange, Illinois. 


Subject Matter: Problems involved in the construction of an all 
welded 5400-horsepower diesel-electric freight locomotive and the 
successful resistance of welded carbodies to temperature of the 
oven of 7—60°. A general description of the locomotive is given 
together with references to the successful performance of this type. 
Favorable comparisons of weight and tractive force with steam unit 
constructed along conventional lines are made. Detailed discussion 
of major assemblies, including the all welded car body, under¬ 
frame front and rear end framing, side frames, outside paneling, 
etc., follows. The power plant is also described and welding tech¬ 
niques employed, detailed, together with the effect of weld metal 
in flux density, and the magnetic reactions of highly sulphurized 
steels used as generation frame material to reduce machining time. 
Operating advantages are pointed out. 

Since the fateful day of Pearl Harbor, all branches of modern trans- 
portation in the United States have been overwhelmed with a volume of 
passenger and freight traffic hitherto unknown in the annals of industrial 
progress in any country. Every phase of the three principal types of trans* 
portation services was affected by the impetus of these events: Aerial as 
well as maritime cargoes have overnight reached unbelievable proportions, 
while America’s railroads were at the same time expected to haul not only 
scheduled trains, but to move troops and defense materiel commensurate 
with the nation’s determined war efforts. This job required the utmost 
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Fig. 1. 5400-horsepower 4-unit locomotive ready for service. 
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in tonnages to be moved, speeds to be maintained besides greatest versatility 
of motive power, which combined requirements simply could not be ex¬ 
pected of the available conventional steam engines. 

The Diesel-electric streamliners in passenger service have made history by 
their faithful gruelling mileages accumulated daily at high-speed schedules 
over practically all leading railroads, while the same kind of motive power 
has very definitely proved its operating economies in continuous yard¬ 
switching service. This superiority over steam locomotives spurred the 
efforts towards the development fo such power equipment, which could 
develop the highest possible tractive effort and attain speeds up to 70 or 
75 miles per hour—and do it economically for nearly 24 hours a day, seven 
days per week. In order to achieve this goal, all operating experiences were 
scrutinized before a definite design and ultimate construction of the first 
“universal’ 1 Diesel-electric freight locomtive became realities. The initial 
units were admittedly experimental, but improved production locomotives 
were built and delivered in considerable numbers within the year, which 
have received immediate endorsements by the railroads, and which have 
warranted an A-l-A priority rating by the war production board for their 
significance in defense transportation. 



Fig. 2. The first 5400-horsepower Diesel-electric freight locomotive on trial run. 

Material Considerations—In the early stages of development, it was read¬ 
ily evident, that a fully utilitarian high-speed freight locomotive of the 
Deisel-electric type must operate under any atmospheric conditions, ranging 
from some 120 c above to as low as 40° and perhaps even 60° below zero. 
Actual surface temperatures of locomotives used in Pacific and southwestern 
desert areas were recorded to unbelievably high values, but, metallurgically, 
greater concern must be expressed over the resistance of various materials 
to impact stresses at very lew temperatures. Some doubt has been voiced 
by adherents to conventional steam power as to the importance of low 
temperatures in actual service conditions. Perhaps the high percentage of 
castings together with the heavy masses required in their construction are 
the major reasons for this attitude. Recorded experiences of northern and 
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tern railroads with steam locomotives indicate definitely a higher fre- 
W£ ency of material failures in extremely cold weather. In contrast, not one 
future of this origin has ever been reported with welded car bodies nor 
^Ided crankcases after more than 100 millions cumulative mileages on 
Vph'speed Diesel-electric streamliners. In order to justify this considera¬ 
tion the author has made a study of prevailing low temperatures in those 
/rritories, where Diesels are expected to render uninterrupted service. This 
task included preparation of a survey from the records of the U. S. Weather 
Bureau by compiling the lowest temperatures of the arbitrarily selected years 
of 1900, 1910, 1920, 1930 and 1940. The table below summarises these 


figures: 


u. S. Weather 
Bureau Station 
at 

Railroad 

Service 

by 

Puluth Minn. 

Gr. Northern 

Hallock, Minn.. 

Moorhead, Minn. 

No. Pacific 

Soo Line 
.. Gr. Northern 
.. Gr. Northern 

Eau Claire, Wis. 

.. Chicago €s? N. W. 

Williston, N. Dak. 

Bismarck, N. Dak. 

.. Gr. Northern 
.. No. Pacific 

Kalispell, Mont. 

„ Gr. Northern 

Miles City, Mont. 

Milwaukee 

Pocatello, Idaho. 

.. Union Pacific 

Lander, Wyo. 

Yellowstone, Wyo- 

Cheyenne, Wyo. 

.. Colo. 6? Southern 
.. Union Pacific 
Colo. 6? Southern 
.... Union Pacific 


Lowest Temperatures in 
Degrees Fahr. for Year Time 

Lowest 


1900 

1910 

1920 

1930 

1940 


-22 

-22 

-25 

-28 

-22 

-41 

-37 

-39 

-39 

— 44 

-31 

-51 

-26 

-28 

-35 

-29 

-23 


-23 

-32 

-30 

-30 

-21 

-40 

-41 

-40 

-37 

-28 

-26 

-49 

-33 

-37 

-32 

-28 

-26 

-45 

-19 

— 22 


-23 

- 7 

-34 


-29 

-31 

-31 


-49 

-15 

-15 

- 3 

-22 

— 2 

— 22 

-30 


-19 

-39 

-23 

-40 

-25 

-20 

-25 

-34 

-42 

-42 

-18 

— 10 

-14 

-30 

-19 

-38 


The above official minima for the stations mentioned were exceeded 
in 1936 by temperature readings down to 60° below zero in Riverside, 
Wyoming, within the Rocky Mountain region. It is interesting to note, 
that only Diesel-electric equipment maintained railroad operations, while 
steam locomotives simply froze up. Similar experiences have been freely 
admitted by operating personnel in other sectors as far south as Nevada. 
It is felt, therefore, that the selection of materials, joints and auxiliary 
equipment for highly available motive power units should make allowances 
for decreases of impact resistance to as low as 60° below zero. This thought 
has been incorporated into the engineering and control tests of all important 
parts of the new locomotive with fully accountable returns in safety and 
availability for all atmospheric eventualities. 

General Description of the Locomotive- -Looking back upon the fre¬ 
quently cited steam monsters as the 2-10-10-2 locomotive of the Virginia 
Railroad or the 2-8-8-4 freight locomotive of the Northern Pacific, the 
new E-M Diesel-electric locomotive represents a decidedly radical departure. 
This is true in regard to external appearance as well as to the construction 
of its power plant and other mechanical equipment. A sketchy general 
description of the many innovations from time-honored practices will shed 
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the first light upon the many reasons why welding was utilised so generously 
in*the assembly of the final product. 

The “locomotive” is actually a multiple of four “units” so designed that 
all may be operated from control stations in the engineers" cab of the 
streamlined nose of the leading or both ends. The first alternative (with 
one streamlined unit only) permits road operations in but one direction 
whereas, the adoption of units with control cabs on both ends (that is, the 
first and fourth unit) eliminates the necessity of turning the entire locomo¬ 
tive at the terminal. Fig. 1 shows the second possibility. Both are rated 
at a total of 5400 horsepower. The units or sections are ordinarily known 
as cab unit, A, B and C sections. Each unit or section is powered with a 
1350 horsepower Diesel engine of General Motors two-cycle type, which 
engine is directly coupled to a 600 V direct-current generator in addition to 
a three-cylinder, two-stage Gardner-Denver air compressor. 



Fig. 3. Side view of carbody before installation of equipment and paneling. 

The generator of each unit supplies electrical energy to four type D-7-k 
direct-current motors also developed and built in the shops of Electro- 
Motive. The potential economy of multiple units is evidenced from advan¬ 
tageous flexibility over ordinary steam power. Thus, it is possible by a 
few uncoupling manipulations to change the large 5400-horsepower locomo¬ 
tive into a single 1350-horsepower, double or 2700-horsepower, and triple 
or 4050-horsepower combination. This advantage is rarely of interest in 
these days of exceedingly heavy traffic, but it will undoubtedly become a 
feature when normal freight schedules are resumed. It appears, that the 
two-cab 5400-horsepower combination has some attraction, because it is 
easy to split the same into two 2700-horsepower units or a 4500-horsepower 
and one 1350-horsepower plant, both furnishing motive power to two trains. 

If a railroad operates two or several complete locomotives, still other 
combinations are feasible, thereby adjusting motive power efficiently to vary- 
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ra me conditions without sacrificing mobility of each unit. Inasmuch as 
nominal maximum speed can be raised to a rated top speed of 80 miles 
hour, such split units may haul heavy freight tonnages at relatively 
speeds, while the balance may operate without even a simple adjust- 
X in passenger service. 

These reasons together with the remunerative operations and mechan- 
• al ease of control were certainly some of the reasons for the immediate 
response especially by those railroads, which did anticipate operating diffi 
culties: 


Table I—E-M Diesel-Electric Freight Locomotives 
Delivered in 1941 and 1942 


Purchaser 

R. R. 

Locomotive 
Serial No. 

Month and Year 
of 

Complete 

Delivery 

Number of Units 

Total H.P. 
per 

Locomotive 

With 

Cab 

Without 

Cab 

Southern Railway. 

6100 

May — 1941 

2 

2 

5,400 


6101 

1 July - 1941 

2 

2 

5,400 

Great Northern Ry. 

5700 

May — 1941 

1 

1 

2,700 


5701 

June — 1941 

1 

1 

2,700 


5900 

Oct. - 1941 

2 

1 

4,050 

Chicago, Milwaukee, 


i 




St. Paul 6? Pacific. 

40 

Oct. - 1941 

2 

2 

5,400 

Western Pacific.—. 

901 

Nov. — 1941 

1 

3 

5,400 


902 

Dec. — 1941 

1 

3 

5,400 


903 

i 

Jan. — 1942 

1 

3 

5,400 

Denver 6? Rio Grande 






Western. 

540 

Jan. — 1942 

1 

3 

5,400 


541 

Feb. - 1942 

1 

3 

5,400 


542 

Feb. - 1942 

1 ' 

3 

5,400 

Atchison, Topeka & 

100 

Aug. — 1941 

1 

3 

5,400 

Santa Fe. 

101 

Aug. - 1941 j 

1 

3 

5,400 


102 

Sept. — 1941 

1 

3 

5,400 


103 

Sept. — 1941 

1 

3 

5,400 


104 

Nov. — 1941 

1 

3 

5,400 


105 

Mar. - 1942 

1 

3 

5,400 


106 

Mar. — 1942 

1 

3 

5,400 


107 

Apr. - 1942 

1 

3 

5,400 


108 

Apr. - 1942 

1 

3 

5,400 


109 

May — 1942 

1 

3 

5,400 


110 

May — 1942 

1 

3 

5,400 


111 

May — 1942 

1 

3 

5,400 


112 

May - 1942 

1 

3 

5,400 

Total as of May 31, 1942....... 

29 

66 

128,250 


Table I summarises the first ""educational’'’ orders placed by several rail¬ 
roads, after the original 5400-horsepower demonstrator operated 83,764 
miles on twenty Class 1 railroads in 35 states under all imaginable condi¬ 
tions, that is, from sub-^ero to 115° above, as well as from sea level to 
10,000 feet elevation. Although these performances surpassed any riveted 
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Fig. 4. The nose of the cab unit after welding. 



Fig. 5. Inside view of carbody. 



















steam locomotive thus far built, the fundamentals governing the 
an d cas ctmetion of the new Diesel-electric included more power and 
less weffht for the complete four-unit locomotive. 
aCtl Th is best demonstrated by a comparison of the complete 5 400'horse- 
* Combination and a 2700-horscpower split on the basis of tractive 
Tiin pounds) versus speed (in miles per hour). Analysis of this prob- 
dicates, that the starting tractive force of the new four-unit combina- 
em in (See Fig 2), is 220.000 pounds, while such famous monsters as the 
t t 011 ’h rn Pacific's freight steam locomotive was rated at 153,300 pounds and 
•V e 1 116,000 pounds against 923,000 pounds for the Diesel. Simple 
wel | mattes prove, that the latter weighed 17.3 per cent less than the steam 
f a motive, with an increase of 43.4 per cent in tractive force. Some addi¬ 
tional information on the dimensions, weights and capacities are tabulated 

below: 


Number of units. 

Total length. 

Max. width over posts. 

Max. width oucside grabhandles. 

Height above rails... 

Number of wheels per unit.-. 

Wheel diameter. 

Rigid wheel base of trucks. 

Weight of cab unit, completely loaded.- 

Weight of units without cab, completely loaded 

Fuel oil capacity per section.-. 

Lubricating oil capacity per section.. 

Cooling water capacity per section. 

Boiler water capacity per section. 

Sand capacity per section. 


4 

193 ft. 

9 ft. 10 in. 

10 ft. 7 in. 

14 ft. 1 in. 

8 

40 in. 
9 ft. 0 in. 

230,000 lbs. 
228,500 lbs. 
1,200 gals. 
185 gals. 
245 gals. 
600 gals. 
16-22 cu. ft. 


The All Welded Carbody—Static and dynamic loading of the carbody 
of each locomotive unit is based on principles governing modern bridge 



Fig. 6. Building the cab unit oI the 5400-horsepower height locomotive. 
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construction. Supported in two geometrical planes through the centers of 
the bolsters—this distance being 27 feet 3 inches—the design of the frame' 
work approaches somewhat the construction of the already-mentioned 
Diesel-electric streamliners. Working stresses dictated several deviations and 
thus the carbody is not only shorter but appears to be sturdier and less 
“elastic 11 . The smooth riding properties of the high-speed passenger units 
have been an incentive even in the engineering of the freight units. The 
new units are equipped with substantially a very similar type of helical and 
elliptic springs, which are intended for comfort to the operating personnel. 

The design features are shown in Fig. 3 which illustration gives some 
conception of the major parts of the carbody framework. This “skeleton 11 
may be used in the making of an A, C or D unit, that is, without a cab. 
The latter is shown in Fig. 4 as a semi-finished front portion of the loco¬ 
motive. 



Fig. 7. The all welded roof hatch. 


The principal parts of the carbody are prefabricated and consist of: 
(a), underframe construction . (b), front end framing, (c), rear end fram¬ 

ing. (d), side frame, left, (e), side frame, right, (f), roof framing, 
(g), roof hatches; and (h), outside paneling. 

(a) Underframe—All major mechanical equipment—like the powerful 
Diesel engine, the generator, the compressor, etc.—is mounted directly to 
the underframe. A view of the upper side of this frame is presented in 
Fig. 5. The loads are carried primarily by a center sill, side sills and other 
suitable supports. In addition to these loads considerable weight is brought 
about by rather large, also welded, tanks for fuel oil and water, which are 
ultimately integral parts of the frame. A %-inch bottom plate in front and 
in the rear of the base adds, of course, to the rigidity of the quite intricate 
structure. Before final assembly, substantial coupler pockets are welded to 
both ends of the underframe. 

(b) Front end framing—Streamlined appearance has become a recog¬ 
nised symbol of many modem products of our industries. From cars to 
locomotives, this requirement combined with economical performance are 
standards demanded today by private purchasers or directorates of the larg¬ 
est railroads. In recognition of this demand, the leading front, (or some¬ 
times even the last), units of the new freight locomotive have been arc 
welded so as to resemble the now popular “nose 11 of the Diesel-electric 







■■■treamliners” or high-speed passenger units. As a safety feature, the ex- 
frnal smooth surface of 11- or 12-gauge steel sheet is supported by a 
* massive construction. Collision posts of 5-inch x l'/j-mch cross section 
're securely welded on both ends into the structure. Stiffening angles and 
-hannels, made of 7-gauge steel plate, are welded wherever necessary, which 
together with a sturdy base plate assure anti-collapsing deformation if a 
front end collision should occur in service. Most of the welded joints are 
s' -inch for the stiffeners, but Vo-inch for the heavy collision posts in order 
to assure secure fastening. 

The actual operating controls center around a roomy engineers 1 cab, 
(See Fig. 6), which is built somewhat over the front bolster. Of all sec¬ 
tions of the four units, it has been given intentionally the highest floor level 
a bove the rails, thus affording maximum visibility for safe handling on the 
road. The operator has easy access to a controller, reversing lever, brake 
equipment, light switches and all indicating instruments from his comfort¬ 
able seat on the right side of the room. The cab is so designed, that its 
floor supports together with front bulkhead and partition framework add 
considerable strength to the nose structure. 



Fig. 8. Trucking the cab unit. 

A few remarks may be added on the final sheet covering: the carefully- 
hammered front sections of steel sheets are plug-welded from the inside 
and all joints are finally covered with continuous butt welds. Grinding of 
these beads and expert polishing of the curved surfaces is the subsequent 
preparation for paint application. Great care and judgment are prerequisites 
for these operations. Fig. 4 shows one of the latest cab units just before 
transfer to the paint shops. 

(c) Rear end framing —Except for the cab front, all other ends of the 
two or three units are identical in design. The same is true of the opposite 
ends of the cab units. The anti-telescoping principle was embodied into the 
original layouts. Thus a 13-inch wide and %-inch thick plate and zee 
together with strong end angles and inner posts provide for good impact 
resistance in case of accident. All materials are, of course, considered in the 
light of shock resistance at very low atmospheric temperatures. 

(d) and (e) Side framing —The principal parts of the side framing. 
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which is naturally of either left or right design, are best described by 
referring again to Fig. 3. The load carrying high tensile bolster posts are 
6-inch by 6-inch H-beams, whereas intermediate posts and important dkg- 
onals or horizontal braces are 4-inch by 4-inch H'beams. Various stiffeners 
are again added to serve as supports for the side paneling and for some 
mechanical equipment and piping on the finished inside of the car body. 
The mentioned beams are welded with high tensile electrodes to the under- 
frame and the outside ground flush after shot blasting the entire assembled 
structure. This permits the convenient application of smooth panels directly 
to the framework, as shall be described in paragraph (h). 



Fig. 9. Macrograph of automatically welded T joint in engine crankcase. 

(f) Roof framing —The upper part of the end and side framing is held 
in place by a series of lateral roof beams and roof sheets with ample pro 
visions for the subsequent placing of the roof hatches, the openings for 
which indicate that the roof framing is actually a multiple stress carrier 
besides being a support to essential grids, etc. 

(g) Roof hatches —All large machinery or equipment—such as the Diesel 
engine, main and auxiliary generators, compressor, oil cooler, etc.—is in¬ 
stalled into the finished car body through the rectangular openings in the 
roof. After this installation, the openings are covered with suitable hatches, 
(See Fig. 7). These are all welded assemblies, but they are bolted to the 
roof, thus permitting convenient removal of some of the major equipment 
in case of necessary inspection or repair. 

(h) Outside paneling —A very desirable outside finish for the flat por- 
tions of the carbody has been found in the utilization of large panels of 
so-called metal-covered plywood. The cross-sectional characteristics of a 
typical %-inch panel used on the sides of the locomotive are 27-gauge gal- 







aled sheet over three-ply boards, all held together with a very strong 
of glue. manufacture, the wood is thoroughly dried and then cov- 
b °d with the metallic sheet all over, the edges being hand-soldered so 
frmetically as to keep all moisture out. The carefully inspected panels are 
hlted to the flat outside of the welded carbody structure by means of 
vinch'wide, J/ 4 -inch-thick battens, the space between two adjacent panels 
bins filled with a special never-drying asphaltic putty. No corrections are 
Emitted on any of the panels for reasons stated above—they just have to 
-t or they are rejected. This type of paneling has been found to be highly 
satisfactory and welding processes have permitted the advantageous use of 
otherwise prohibitive designs. Riveted or bolted structures could obviously 
never produce the smooth “streamlined” finish of the sides of the new multi- 
Unit locomotive. The paneled watertight carbody is manually degreased 
and immediately protected by a coat of special priming paint. The thus- 
orepared carbody is lifted from its supporting pedestals over the two trucks, 
(See Fig. 8 ), and after making all electrical and flexible connections moved 
into the paint shops. There the final decorative effects are sprayed on the 
various parts of the unit together with the designations of railroad, locomo¬ 
tive number, etc. 

Motive Power Plant—As indicated in the general description of the 
locomotive, electric current is generated by power from one 1350-horsepower 
16 'cylinder General Motors Diesel engine of the 2-cycle type in each of the 
four locomotive units. The engines are known as Model 567, are of the 
V'type, have solid unit injection and high compression with medium speed. 
The engine data is as follows: 


Energy output- 1,350 H.P. 

Number of cylinders. 16 

Number of exhaust valves per cylinder. 4 

Diameter of crankshaft.—. 7.5 

Diameter of crank pi ns. 6.5 

Number of main bearings—. 10 

Compression ratio. 16:1 

Bore, diameter. 8.5 in. 

Stroke . 10 in. 

Starting speed, max. 100 r.p.m. 

Idling speed. 275 r.p.m. 

Max. governed speed. 800 r.p.m. 

Total displacement. 9,079 cu. in. 

Weight of engine, approx.30,000 lbs. 

Weight per H.P. 22.2 lbs. 


The principal parts of the engine are built into a comparatively light 
11 welded crankcase weighing, finished machined, about 8,750 pounds, 
which is bolted to a supporting oil pan. In comparison with cast crank¬ 
cases of competitive Diesels, weight reductions ranging from 58 to 80 per 
cent have been achieved by a series of systematic developments in the 
design of the case until the one shown has been adopted in the latter part 
of 1941. The material used is predominantly one of high-tensile low-alloy 
plate of V 2 - to 54 -inch thickness, for which the typical metallurgical proper¬ 
ties are given in Table II. 

The Crankcase —The crankcase is 146.25' inches long and is built of 
prefabricated parts such as the airboxes, bearing supports, lift hooks, etc. 
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All joints are made by either automatic or manual welding. The automatic 
process is utilised in making the specific T-joint of the airboxes, which other¬ 
wise could not be accomplished by manual procedures. Its adoption was 
based on the studies made by the writer since early in 1936 on the high 


Table II—High-Tensile Low-Alloy Plate of Welding Quality 


Type of Plate 

Manganese 

Chrome 

Nickel 

Chrome 

Molybdenum 

Zirconium 

Copper 

Chemical Composition: 

Carbon, per cent. 

0.15 

0.13 

0.12 

Manganese, per cent.. 

0.85 

0.68 

0.88 

Silicon, per cent. 

0.24 

0.90 

0.40 

Phosphorous, per cent... 

0.018 

0.023 

0.015 

Sulphur, per cent. 

0.017 

0.027 

0.022 

Nickel, per cent. 


0.13 

0.55 

Chrome, per cent. 


0.50 

0.68 

Molybdenum, per cent.. 

0.48 

0.20 


Zirconium, per cent. 

Copper, per cent.. 


0.14 

0.09 

0.63 

Physical Properties: 

Tensile Strength p.s.i... 

75,200 

74,350 

82,200 

Yield Point p.s.i. 

46,140 

51,300 

54,800 

Elongation in 2", %. _ 


37.5 

31.5 

Reduction of area. 

58.9 

69.2 

58.8 

Rockwell Hardness. 

B83 

B83 

B83 

Bend test.. 

180 

180 

180 

Low Temperature Shock 

Resistance (Charpy), 

in. ft. lb., at plus 75°F._ 

47 

66 

51 

plus 50°F._ 
plus 25 °F.. 

47 

44 

66 

42 

°F 

36 

60 

38 

minus 25°F.... 

20 


35 

minus 50 C F.... 

24 

53 

30 

minus 100°F.. 

18 

39 

10 


volumetric penetration of the welding process. By studying many hundreds 
of experimental and production welds, it has been found that for low 
carbon steels some 140 to 220 per cent of parent metal is molten on the 
basis of 100 per cent added welding rod metal for most butt welds and 
many fillet welds. This finding was developed into the T-joint, the cross- 
sectional macrograph of which is shown in Fig. 9. 

This joint is welded in the position shown and the upper ]/ 2 'inc h plate 
of high tensile steel is tightly clamped to the vertical 54-inch plate of the 
same material. The direction of welding is from the upper side, the elec¬ 
trode being vertical or perpendicular to the upper plate. In order to pro¬ 
duce the horizontal outline flush with the plate, a very carefully planned 
preparation is needed prior to welding. This is accomplished by machining 
a %-inch wide and 5 Ae -inch deep groove on the upper side of the plate. 
The area measures 0.235 square inches and the total area of the complete 
weld 0.590 square inches, thus indicating a volumetric penetration of 151 
per cent. The fillets shown are maintained by solid or water-cooled copper 
bars fitted tightly into the 90° corners. The welding procedure is as follows: 














Intensity of current, Amps. 

Voltage .—. 

Current imput, K.W. 

Speed of welding, in. per mm. 
Diameter of electrode, in.... 


1300 

30 

39 

13 

5/,, 


Practically no corrective measures, such as chipping or grinding, are 
y since the top of the weld is flush for all practical purposes. The 
U nee of the joints are made by using a nominal 0.50 per cent molybdenum 
Tetrode* In production, positioners of two types are used in order to 
6 unit down-hand welding: One simple device moving the case along the 
? *tudinal axis and another positioner which enables the operator to place 
v joint into a nearly horizontal direction by utilizing two 180° segmentary 
^orm gears operating perpendicularly to one another. This principle follows 
the trends of modern welding as well as the War Production Board 
approved conservation of hard-to-get alloy electrodes. The operators use 
8 ?'inch and l/ 4 -inch diameter electrodes at 160 to 280 amperes for most 
applications and good welds have been consistently obtained. After careful 
visional examination and dimensional checking by qualified welding inspec¬ 
tors the crankcase is stress relieved in a 75-foot by 10-foot by 9-foot gas¬ 
hed furnace. The thermal cycle consists in a 6 -hour heating to 1200 to 
P25°F., soaking at temperature for 3 to 4 hours, followed by a slow cool- 
t0 300°F. before removal. The case is shot blasted and ready for ma¬ 
chining. The finishing involves the use of many highly specialized produc¬ 
tion machines, the description of which is outside of the scope of this paper. 



Fig. 10. Two oil pans on manipulator during welding. 

The Oil Pan —In the described Diesel engine, the oil pan, (See Pigs. 10 
and 11 ), serves primarily as a base for the engine into which pan an oil 
sump is built. This assembly supports only static loads, for which reason 
0.15 to 0.23 per cent carbon steel suffices. The engine crankcase rests on 
two top rails 2 ^ 8 -inches wide by 1 -inch thick which are welded to a 'he' 
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inch side plate and 54-inch end plates respectively. The oil sump is fabri¬ 
cated from cold bent J/4-inch plate, which is welded into the structure as 
indicated. Horizontal positioners are also used by the operators and elec¬ 
trodes for down-hand work have been adopted for this quality welding. 
Little distortion has been experienced during these operations. All outside 
welds are ground flush to give smooth appearance. All welds of the sump 
must, of course, be oil tight. The length of the completed oil pan is 



Fig. 11. End view of all welded oil pan. 

determined by the crankcase it supports, hence being 146.250 inches plus 
or minus 0.005 inches. The weight conforms to the expected reduction from 
the bulky cast bases down to about 1750 pounds finished and ready for 
installation into the locomotive. 

The Welded Main Generator —As indicated in the introductory para¬ 
graphs of this paper, the greatest part of energy produced by the Diesel 
engine is transmitted to the generator, both being integrally connected by 
a flexible coupling. Thus the generator produces the D.C. current for ener¬ 
gizing the four traction motors of each unit, and its purpose is, of course, 
vital to the satisfactory operation of the locomotive. The design and ultimate 
operating features are hence equally important and a description of its main 
frame assembly may be an index of the returns in operating profits derived 
from the application of welding in the manufacture of this part of the loco¬ 
motive’s motive power. 

The finished generator frame consists primarily of a continuous steel 
ring 25 inches wide, 50*4 inches inside diameter, which latter dimension 
must be accurate within plus or minus 0.002 inches. This accuracy is 
prompted by the interpole and field coils, which are bolted to the frame 
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from the outside. Careful planning of operations has been worked out in 
order to achieve this requirement. Accordingly, the frame is fabricated from 
a plate 26dnch.es wide, about 172'inches long and 2j/gdnches thick. The 
material must satisfy low magnetic losses as well as fairly high static strength. 
Both somewhat contradictory specifications are met by an intermediate 
analysis of which the following is a typical example: 

Carbon .0.11 per cent Phosphorus .0.008 per cent 

Manganese .0.54 per cent Sulphur .0.018 per cent 

Silicon .-.0.01 percent Copper . 0.17 per cent 

This plate, weighing around 2695 pounds, is cold'shaped to approximate 
a rough ring of 54 inches outside diameter plus or minus Vic finch. The two 
ends of this ring are subsequently flame'beveled for automatic welding on 
the inside and outside of the plate. The joint is made under conditions 
indicated below: 



Outside 

Inside 


Weld 

Weld 

Number of passes . 

. 1 

1 

Intensity of current, Amps. 

. 2400 

1200 

Voltage . 

. 55 

35 

Speed of welding, in. per min.. 

. 6.5 

4 

Diameter of electrode, in. 

. Va 

7 /l6 

Width of bevel, in. 

. Vs 

3 4 

Depth of bevel, in. 

. 7 /s 

3 A 


After careful inspection for complete penetration, the ring is clamped 
to a positioner and the two legs applied by down'hand welding. These legs 
consist of a flat piece of steel measuring 23 inches by 8 J /4 inches by 1^4 



Fig. 12. Macrograph of automatic weld on generator ring. 
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inches. Four equally space %-inch thick supports are then welded complete 
ing the leg assembly. The 0.13 to 0.16 per cent carbon electrodes are of 
and J/^dnch size, currents varying from 180 to 220 amperes. Four 
pads are welded on top of the ring into which launch holes for lifting 
lugs are tapped during machining. Before any mechanical operations are 
performed, the rough frame is carefully stress relieved by 6-hour heating to 
1200 to 1225 °F., soaking four hours at temperature and slow cooling to 
300°F. in the furnace. The frame is removed, shot blasted and finally ma¬ 
chined. 

Tests were made with this material in order to study the effects on flux 
density at various magnetizing forces, which indicated that the all-weld 
metal showed only very slight variations from the ring material, thus con¬ 
firming that this method of construction was definitely superior to the 
previously used castings, which indicated consistent magnetic non-uni¬ 
formity. 

Perhaps one additional possibility of modern metallurgy may be men¬ 
tioned here since it offers great economies if further developed. The de¬ 
scribed method of automatic welding led the author to experiment with the 
use of highly sulphurized steels (up to 0.250 per cent S) as generator frame 
material. This was especially tempting because preliminary tests indicated 
38 to 50 per cent less machining time for this modified analysis as com¬ 
pared with material of identical carbon concentration, but without sulphur. 
The prime consideration of magnetic reactions was investigated and the 
following figures obtained with 0.09 and 0.15 per cent carbon steels of both 
types. 


Magnetizing Force “FT 
in Gilberts per cm 


Flux Density kt B” in Kilogausses for 0.022% 
S Steel with 

0.09% C 0.15% C 


10 

13.3 

20 

14.8 

40 

16.3 

60 

17.2 

80 

17.8 

100 

18.2 

120 

18.6 

140 

18.9 

160 

19.2 


11.4 
13.9 
15.6 

16.5 
17.1 

17.5 
18.0 
18.3 

18.6 


Magnetizing Force “H” 
in Gilberts per cm 


Flux Density “B" in Kilogausses for 0.244% 
S Steel with 

0.09% C 0.15% C 


10 

12.0 

20 

14.7 

40 

16.4 

60 

17.4 

80 

17.9 

100 

18.2 

120 

18.5 

140 

18.8 

160 

19.0 


10.8 

13.6 
15.5 

16.3 
16.9 

17.3 

17.7 
18.0 

18.4 
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An actual macrograph of one of the welds is reproduced as Fig. 12. The 
conditions under which the two welds were made are: 


Size of Weld 

Large 

Small 

Width of bevel, in. 

Height of bevel, in. 

Vs 

Yz 

Diameter of electrode 

7 Ag 

14 

Intensity of current. Amps. 

2100 

1200 

Voltage 

50 

3? 

Speed of welding, in. per min. 

8.8 

10.0 


Unfortunately, the experiences with automatic welding were not dupli¬ 
cated by manual operations. The controllable slowing up and puddling of 
the automatic process could not be attained consistently by available elec¬ 
trodes, but even so, some twenty of the generators have already been suc¬ 
cessfully tested and no differences were noted between the electrical 
efficiencies of both. 

The finished generator frame is then ready for further assembly; arma¬ 
ture, bearings, fan, main and commutating poles are installed without 
further application of welding. The masses involved are quite substantial, 
the commutator weighing around 5700 pounds, the generator field 6300 
pounds, and the finished generator, ready for installation, some 12,950 
pounds. 

Proportionate Operating Advantages of Welded Freight Locomotive— 
With the contemporary demands for increased production, the need for the 
highest efficiency in passenger and freight transportation becomes ever more 
pertinent. Anticipating this need even before the present emergency, foun¬ 
dations were laid to consolidate previous experiences with a wholehearted 
endeavor to design a power unit exclusively for welding. This tendency 
resulted in greatly simplified welding practices, which ultimately led to an at 
least 50 per cent reduction in total time of delivery—a factor which cer¬ 
tainly is paramount in the minds of production and defense officials. These 
benefits could naturally not be enjoyed without making specific analyses of 
all items hinging on the utilisation of the welding processes. The metal¬ 
lurgical reasons were found to be definitely sound after practically not a 
single weld failure was recorded even with high-speed passenger locomo¬ 
tives. Thus it became a matter of selecting the most efficient welding ma¬ 
chinery or generators to which appropriate welding electrodes and prefer¬ 
ably down-hand technique must be added as decisive factors of economy. 
Most welding is, hence, done with 0.50 per cent molybdenum and some 
with straight low carbon steel electrodes ranging in diameter from to 


inch. Typical electrode data follows: 

Diameter of electrode, in. %2 J4 

Length of electrode, in. 14 14 

Normal current intensity, amp.150 270 

Voltage . 27 35 

Arc K.W.-. 4.05 9.45 

Coating, per cent in 14 in. 18.9 21.9 


Frequently, the current input is much greater, but actual settings depend on 
additional considerations, such as thickness of plate welded, degree and kind 
of necessary bevel, etc. 

The generous use of manual and some automatic welding procedures 
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in the building of the first freight locomotives of the Dies eh electric class 
should probably be evaluated in the light of a new product. This is especial- 
ly true because of the claims of older operating personnel of railroads, that 
the newcomer has replaced steam engines at the rate of one Diesel replacing 
two steam locomotives. While the present facts accumulated from actual 
operating record, are available, let us review the status of such important 
questions as tonnage hauled, average speed, daily mileage, fuel cost and 
similar items affecting the balance sheets of operations: Careful notes have 
been kept during the fact-finding runs over variegated terrain since 1940 and 
power was perhaps the first impressive advantage of the new units. Below 
are just a few of the experiences: 


Railroad 

Route Covered 
Between 

Tonnages Hauled 
per Locomotive by 

Percentual 
Increase 
Over Steam 

Steam 

Diesel 

Boston 6? Maine. 

Mechanicville-E. Deerfield 

4400 

6500 

48 


E. Deerfield-Boston 

2350 

5000 

112 


Boston-E. Deerfield 

2050 

4000 

95 


E. Deerfield-Mechanicville 

2400 

4200 

75 

Brisco Lines. 

Springfield-Tulsa 

2550 

4600 

85 

Monon Route. 

McDoel-Brainbridge 

3075 

5000 

63 

Erie........ 

Marion-Kent 

2800 

5000 

79 


Kent-Meadville 

3100 

5700 

84 

Southern..... 

Oakdale-Danville 

1750 

3750 

114 


The next factor of interest is average speed. Although there never has 
been a bona fide attempt at any speed or tonnage records, even the first 
5400-horsepower Diesel owned by the Santa Fe Railroad made the 1762-mile 
trip between Argentine, Kansas, and Los Angeles, Cal. at an average speed 
of 32.3 miles per hour. The locomotive pulled 68 cars or 3,150 tons. The 
locomotive had ample reserve capacity for moving a much heavier train 
and at much higher speeds. Generally, this run requires the services of 
seven steam locomotives with 12 stops for fuel and water besides 16 ad¬ 
ditional stops for water. The Diesel-electric freight locomotive stopped 
only four times to refill on fuel. Actual figures for several railroads follow: 



Route 

Between 

Distance 

Tonnage Hauled 

Average 

Speed 

m.p.h. 

Increase 
in Speed 
Over 
Steam 

Railroad 

in 

Miles 

Steam 

Loco. 

Diesel 

Loco. 

Northern Pac. 

Pascoe- 

Spokane 

98 


6000 

26 

160 

Missouri Pac. 

Kansas City- 
St. Louis 

283 

4800 

5675 

36 

72 

Kansas City 

Southern. 

Pittsburg- 

Dequeen 

210 

2650 

3250 

21 

17 

Milwaukee. 

Othello- 

Avery 

212 

4200 

6010 

26 

86 

Great Northern... 

Wenatchee- 

Minneapolis 

1612 


5400 

i 

31 

Never 

Attempted 

Baltimore 6? Ohio.... 

Kelly Lake- 
Allouez 

105 

1 

16200 

26 

44 
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Railroads are also interested in the maximum possible -coverage.,of distances 
and greatest utilisation of their expensive motive power. This gives- some 
idea of both items: >\ 



/erag 

service 

hours per day i 
(utilisation) 

mileage 

covered 

Northern Pacific . 

. 18.3 

376 

5260 

Missouri Pacific . 

. 20.0 

435 

4350 

Chicago, Ind. 6? Louisville. 

. 20.2 

271 

1896 

Chicago, Milwaukee . 

. 19.8 

487 

4872 

Atchison, Topeka 6? Santa Fe .. 

. 17.7 

402 

12871 

Chicago, Burlington 6? Quincy 

.. 

393 

3929 

Kansas City 6*? Southern . 


373 

3726 


The foregoing tabulations are significant from an overall viewpoint of op¬ 
erations. When analysing the details of the economies it will readily be 
noted, that they point distinctly to the use of liquid fuel, which may easily 
be handled and stored in welded tanks either at the terminal or en route 
with the locomotive. Fuel cost is therefore another index to feasible country¬ 
wide adoption of this new type of motive power in fast freight service. 
Fuel costs should be of interest in comparison with coal or oil burning 
steam engines: 


Railroad 

Mileage 

Covered 

Cost Items 

Steam 

Engine 

Coal 

Burning 

Steam 

Engine 

Oil 

Burning 

Diesel" 

Electric 

Rio Grande 

127 

Cost of fuel. 

$2.36/ton 


$0.045/gal. 



Consumption of fuel. 

336 lb. 


2.84 gal. 



Cost per M.G.T.M.-. 

0.397 


0.124 

Kansas City So. 

430 

Cost of fuel. 

$2.40/ton 

$0.022/gal. 

$0.045/gal. 



Consumption of fuel. 

’ 150'lb. 

7.5“ 

2.15 gal. 



Cost per M.G.T.M. 

0.1798 

0.1642 

0.0978 

Santa Fe. 

81 

Cost of fuel 

$.. 

$0.020/gal. 

$0.0425/gal. 



Consumption of fuel.-. 


14.6 

3.6 gal.' 



Cost per M.G.T.M. 


0.292 

0.153 

Missouri Pacific 

283 

Cost of fuel 

$1.86/ton 


$0.0375/gal. 


Consumption of fuel 

58 lb. 


1.03 gal. 



Cost per M.G.T.M. 

0.0539 


0.0384 


In fairness to coal- and oil-fired locomotives, the application of Diesel- 
electrics in freight service should not be viewed from annual gross savings 
accruing from the above tabulated advantages alone. Maintenance costs, 
fair depreciation, expected availability and some additional items cannot 
be ascertained from the experiences acquired so far. There is no reason to 
believe that these entries on the balance sheets should not be maintained 
in the future years. Nevertheless, in scrutinizing the proportionate savings 
derived from the complete units, arc welding must be credited with the fact 
that it was this process together with the adoption of more modern genera- 
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tion and transmission of motive power, which resulted m these successes. 
The new locomotive is decidedly safer and easier to operate, is raster, does 
outperform any other steam locomotive, and is nearly 100 per cent available. 
These claims have been repeatedly substantiated by performance data in 
spite of most adverse traffic conditions. The true social advantages of 
the all welded Diesel'electrics will, without doubt, inaugurate a new era 
of their truly universal acceptance when materials shall again be available 
to private enterprise after serving our country to move more troops and 
their equipment at faster and more reliable schedules and at lowest operating 

costs. 



Chapter II—Arc Welded Construction of “Fireless” Locomotive 

By Walter E. Barron, 

Foreman in Charge of W elding, Heisler Locomotive Wor\s, Erie, Pennsylvania. 


Subject Matter: The application of arc welding to the construction 
of a “fireless 11 locomotive, or a locomotive in which the heat is 
stored in sensible form in a relatively large body of water under 
any convenient pressure between 100 and 500 pounds per square 
inch. Since running gear can be made much lighter and cheaper 
while still securing adequate strength, the size of the storage tank 
can be increased for the same overall weight of locomotive. There 
is no part of a steam locomotive, the writer states, that cannot be 
made in this way. Detailed descriptions of the manner in which 
all welded parts replace castings and forgings follow. 


Walter E. Barron 



In 1933 the Heisler Locomotive Works of Erie, Pennsylvania, started 
to design and build a complete line of fireless steam locomotives from 20 to 
100 tons, under the direction of Mr. Brian Wheeler as chief engineer. The 
writer had many years of experience with this type of locomotive with 
another company, which was considerable aid to Mr. Wheeler. 

In 1940, when I wrote for information concerning the entering of the 
James F. Lincoln Arc Welding Foundation Program, the Heisler Loco¬ 
motive Works was well established as builders of fireless steam loco¬ 
motives. 

Most of the cost data of the Heisler Works has been destroyed, therefore 
I will not be able to give as good a comparison of forgings, castings, bolting 
and riveting versus arc welding as I otherwise would. 

Many people have never seen or heard of a fireless steam locomotive. 

These engines take their source of energy from a stationary boiler and 
store the heat of the steam in the tank which is filled to 85 per cent with 
water. Any pressure from 100 pounds to 500 pounds is practical. The tank 
is insulated with 2/2 inches of mineral wool. 

When this engine was first designed the parts were either forgings, 
castings or plates riveted or bolted together. In the final design, they were 
built almost wholly by torched-out parts and arc welded together only 
where parts had to be made removable for repairs. 

The writer was in charge of the welding for the Heisler Works. Many of 
the parts shown in the accompanying drawings were made without drawings, 
the drawings being made later. 

In order to apply arc welding to its fullest extent, someone in charge 
of designing or constructing of the product has to be, what you might 
say, “welding conscious”. One of the frequent errors is that the one in 
charge doesn’t consider the fabrication of a welded structure, but tries to 
copy a casting or forging, putting in a lot of extra weight where it is not 
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needed on account of flaws that enter into castings due to shrinkage, cracks 
and sand holes. 

I find many welders taking credit for the improved looks and quality of 
their product. In my opinion, 75 per cent of this credit should go to the 
builders of welding machines and rods. 

Welding on a fireless steam locomotive is quite a big factor as you 
can make the running gear much lighter and cheaper than by castings 
and forgings, and still maintain adequate strength allowing you to increase 
the si^e of the tank, therefore more energy stored for the same over-all 
weight of the locomotive. 




The first 42-ton fireless steam locomotive built by the Heisler Locomotive 
Works, with castings and forgings bolted and riveted together, had a 
storage tank capacity of 435 cubic feet; the ones built by torching and 
welding had a tank capacity of 510 cubic feet, an increase of 75 cubic feet 
which was sufficient extra stored energy to work about one hour longer. 

I don’t believe there is one part on a steam locomotive that can’t be 
fabricated by arc welding. Several years ago I made a model of a fabricated 
cylinder, also a model of fabricated wheels. Due to the low speed and low 
pressure, it did not seem practical for our purpose as they would have cost 
more than gray iron casting, but would have been much stronger. I be¬ 
lieve someone has been issued a patent for fabricated cylinders with iron 
bushings to be used on high-speed, high-pressure road engines. 

I made several sets of side and main rods which I don’t have drawings 
for. So far as I know, this was never done before. They were con¬ 
structed by using a high-grade steel casting for the ends, with bar steel 
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Fig. 4. Exhaust pipe. 

for the body of the rod. This cut the overfall cost of these rods by about 
60 per cent as it eliminated most of the machining cost. All they needed 
after welding was grinding and polishing with a hand rotary grinder and 
polishing machine. 

The following shall be a description of the accompanying drawings 
being referred to by name and number. These prints don’t show the weld' 
ing as plainly as I would like so will need some explanation. 

The storage tank, Fig. 1, was designed by Mr. Wheeler but made by one 
of the builders of unbred pressure vessels. The only openings in the vessel 
were the inlet and outlet steam passages, all the fastening of fixtures and 
mounting was done by welding pads to the shell, then tapping holes in the 
pads rather than using steam-tight studs which leave a potential leak. The 
fastening at “A” was formerly of cast iron chipped to the radius of tank with 
a special design of steam-tight tapered bolt which always was a source of 
trouble. The savings by welding was considerable, but the elimination of 
possible leaks was the main object. The internal steam pipe, marked B , was 
formerly made of a gray iron casting machined with ball joints and studded in 
place. The savings on this job by welding was around $100, also eliminating 
any possible leaks. (Note the arch in this pipe to take care of expansion.) 

The fastening, marked “C”, was made by the use of % x 3-inch bar steel 
set on edge making a box-section on top of saddle cross brace using 
1434-inch machine bolts to clamp it in place, letting the weld take all^ the 
thrust. This can be better seen by looking at drawing, Fig. 2, marked “A”. 

The internal charging pipe is patented and owned by the purchaser of 
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the Heisler fireless locomotive. I am not mentioning the purchasers name 
as I have not asked their permission. None of the other parts are patented 
so they can be published if so desired. There is no way of making com' 
parisons of cost with other methods used for injecting steam into water. 
This method is the result of many years of experimenting with all kinds 
of fancy nobles and could only be accomplished by welding, as the vibra' 
tion set up by injecting high-pressure steam into a large body of cool water 
is tremendous. This method is 100 per cent superior to any other method. 
The writer has seen 5,000 pounds of steam by weight charged into a tank 
in 11 minutes. 

The false cylinder head covers, shown in Fig. 3, were formerly made of 
cast aluminum. The figures are for a locomotive about half the she of the 
one shown on this drawing. The cast aluminum ones for the smaller she 
cost $84.34; the ones made by torching and welding cost $3 3.68, a base 
saving of $51.76. I don't have any figures for the larger she, but the savings 
would be proportionately larger. These savings were made on one set. If 
they were made in quantity, or if the parts were prepared on modern 
machinery, the savings would be greater. 

The brake ruggin parts for a 4-wheel engine were formerly made by 
forging on the 4-wheeled engine; the time for forging was 32 man hours. 
The writer torched out and welded one set of them in 8 hours, a saving 
of around 6‘0 per cent. Besides making these parts cheaper, they were much 
better as we had considerable trouble with forging breaking in the welds 
when they were forged. 

Exhaust pipe, Fig. 4, could only be made by welding and there is no 
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comparison in cost. This pipe has to be very accurately made. This method 
was the first attempt to conceal this pipe under the false tank cover. 

The rear bumper, shown on Drawing, Fig. 5, can be made of wood, 
cast steel or cast iron. I will only make comparisons with a wood bumper 
backed up and faced with 54'inch steel plates. A wood bumper of this 
kind has to be made of a good grade of seasoned oak lumber doweled and 
bolted together. For a smaller sue than shown, the wood bumper cost us 
$125'. The ones made by torching and welding cost us, in round figures, $65, 
not counting the parts such as push'pole pockets, marked at “A”, and the 
steps marked at “BA If these were made of a casting, the saving by welding 
would be much greater. Most every locomotive of this kind takes a special 
bumper which makes welding still more advantageous. Still another reason 
for the welded type: many times you have to add weight at front or rear 
for balance. In this case, the compartments lend themselves very well to 
adding boiler punching and concrete. The strength is much greater than 
wood. In case of an accident, they will bend but are not likely to break. 
As for strength, they are equal to steel or iron, much stronger than wood 
and do not rot out like wood, having to be renewed every 4 or 5 years. 

The guide yoke cross brace, shown on Drawing, F’ig. 6, was formerly 
made of steel casting which was usually warped making it difficult to machine 
and was much heavier. Another reason for fabricating this part was de- 
livery from the foundry. My memory is that the savings were around 40 
per cent. 

The axle bearing housing was not built until late 1940. This general 
style of housing was used from the first, all of one casting. From what I 
understand, it was poured standing on end, all the dirt floating to the top, 
many times costing as much to chip it out and weld as the original casting. 
The plates were 1045 material, heat treated, and gave us considerable 
trouble in welding at first due to the weld cracking. That was overcome 
by preheating before welding. The saving on this job was considerable. 

The cab was formerly made by bolting and riveting. Heisler company 
made the first welded cab in 1936 for the Ford Motor Company. We got 
quotations from the outside for one similar. The cheapest price we got 
was $1,200, so Mr. Wheeler and I decided to give it a try. Material and 
labor, with overhead, cost us around $400, not counting the grief we had. 
There is not much difference in the cost between welding and riveting 
where every cab is different, the big advantage is when you go to paint 
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Fig. 10. Bumper knee. 
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and finish it. It is also a much more rigid job. In a shop having modern 
machinery and making several at a time, where templets and jigs could 
be used, the saving would be considerable over riveting and bolting. 

The spring saddle was formerly made either by forging or casting, the 
forged ones costing considerable more than castings. The cast ones cost 
us $7.80 apiece, then had to be machined. The ones fabricated by electric 
welding cost $3.80 ready for use, a saving of $4, plus the cost of machining. 

The steam elbow was formerly made of a gray iron casting and was 
subject to leaks from sand holes. It was a difficult piece to machine and 
prepare for the ball joint connection. The flanges on the fabricated ones 
were machined before welding. I don’t have the cost on this part, but it 
cost less and was very much better on account of its flexibility. 

The spring hanger, Fig. 7, was formerly made either by forging or 
casting, the forged ones being more expensive. The cast one cost $7.50 
in the rough and had to be machined, the welded one cost $3.80 finished, 
a saving on each piece of $3.70. If they could have been made in quantity 
the saving would have been more. 

The cab support brace. Drawing, Fig. 8, was formerly made of a casting 
weighing 450 pounds each, whereas the fabricated one weighed less than 
100 pounds and could be welded in place, while the cast one had to be 
machined and bolted. I don’t have the difference in cost but it was con¬ 
siderable. Also, if there had not been any cost saving, the difference in the 
weight would have warranted the fabricated one. 

Brake hanger bracket, Drawing, Fig. 9, was formerly made by drilling 
a 2 ]/ 2 'inch tapered hole in the frame, using a turned pivot, forging or casting 
bolted to the frame. Where the pivot fitted in the frame there was a 
tendency to weaken the frame, sometimes breaking through the hole. The 
same condition existed where bolts were used for this purpose. The rough 
casting cost us $7.80 then it had to be machined. The welded one cost 
us $3.50, making a saving of $4.30. This bracket also served to tie the 
upper and lower rails of the frame together, eliminating a very bad con¬ 
dition of chattering of the brake rigging when the brakes were applied. 

The bumper knee, Drawing, Fig. 10, replaces a cast steel knee which 
had to be machined. I don’t have any figures as to the saving but they 
were considerable, at least 50 per cent. 

The saddle cross brace has several functions. In order for it to answer 
all its functions, it can only be a welded structure. 

First, it acts as a spacer between the frame; 

Second, it is the main support which keeps the frames in tram; 

Third, the rear compartment is used to blow the excess water out of the 
tank that accumulates from condensation, guarding against scalding anyone 
who may accidentally be around. Before this safety measure was provided, 
several people were scalded; 

Fourth, the front compartment acts as an exhaust box and separator 
as the exhaust steam from a fireless steam locomotive is very highly saturated. 
The baffle which directs the steam to the bottom of the box gives it a reverse 
motion which throws off part of the water letting it run forward on the 
tapered bottom to two small holes where it drains to the track. 

Prior to the welded structure a steel casting was used which only 
partially answered these purposes. Every design takes a different cross brace 
and most every engine of the same design takes a different one, as most 
every engine took a different tank site and pressure which either required, 
a new pattern or a change of pattern, this costing considerable money. 




Ficr. 11. Frame and brake rigging arrangement. 





























SECTION III—RAILROAD 


213 


The rough casting cost us $147 and usually was warped on the finishing 
sides making it hard to set up and machine. The first welded one cost 
$96 ready for machining and was very much easier to machine on account 
of good clean metal. Still another advantage of the welded structure when 
it is finished and in place, is that it has to be welded all around where it 
fits to the frame so as to be steam tight. When the casting was used, 
considerable difficulty was encountered on account of porous places and 
sand. 

Drawing, Fig. 11, shows the above described parts assembled in place 
by welding and many more that were not described. The whole locomotive 
is welded together. So far as I know, this is the most completely welded 
locomotive ever built,—-note the "V” shapes cut out of one side of angles 
marked “A 11 to provide more welding. These are usually bolted on with 5 
tapered reamed bolts. 

A steam pipe casing was formerly an aluminum casting in 4 pieces. 
This casting was replaced with rolled sheets and clips welded together 
making a considerable reduction in cost. All pipe clamps and braces which 
are not shown are welded on. They were formerly bolted or studded weld" 
ing a worthwhile saving besides giving a better job. 

Drawing, Fig. 12, is a special design for one of the steel companies. 
This is for a 36"inch gauge track. Where this locomotive works the clear" 
ances are very close. The largest conventional locomotive this company 
could get into the charging side of their open hearth was a 30"ton. Their 
furnaces were being enlarged from time to time but no more room could 
be provided for the locomotives that served them until this engine was 
designed. This engine weighs 42 tons with a gear ratio of 3.77 to one 
giving it a tractive effort of at least that of a 70"ton engine. This engine 
could only have been built by welding. Every part of the main frame 
and tank were torched and electric welded. The bumpers are made as part 
of the main frame which is unusual as they are usually made removable. 
Another unusual thing about this locomotive is that the engine unit is 
suspended between the two four"wheeled trucks and can easily be removed 
for repairs. The exhaust pipe goes up through the center of pressure tank. 
Conventional locomotives are always anchored at the front, all expansion 
being toward the rear. In this case, the tank is anchored in the center and 
expands both ways. This locomotive was designed by Mr. Brian Wheeler, 
chief engineer and manager of the Heisler Locomotive Works. It is a 
combination of a Heisler geared locomotive and the fireless principle. 

It would be impossible to make any cost comparison as .there has never 
been anything similar built but it does help to show what can be done in 
the line of torching and electric welding. 

If this paper and drawings encourage someone to try some new product 
by torching and welding, I will consider my time in preparing it well spent. 

There have been some marvelous things accomplished by torching and 
welding but we have only scratched the surface as to what can and will 
be done in the future. 

All savings given are with labor, material and overhead figured in. 



Chapter III—Welding a Locomotive Boiler 
By John P. Roger, 

Plant Engineer, 'The Babcoc\ and V'filcox Co., Barberton, Ohio. 



Subject Matter: A number of welding applications to parts of a 
locomotive boiler, intended to constitute the steam generating unit 
in a complete, mobile power plant including condenser, steam 
turbine, generator, etc. For example, it is proposed to roll a special 
form of steel channel, press to rectangular shape and weld, in 
order to make the tube headers. Other items, similarly analysed, 
include the main steam outlet connection to the steam drum, with 
wall element, superheater assembly, condensing water storage, etc. 


John P. Roger 


The welding developments herewith described and illustrated had their 
origin in a previous study and design which I had developed for a loco¬ 
motive, the main features of which were that it would be a complete steam 
electric motive power unit, in that it was self-contained; the principal com¬ 
ponents of which would be a boiler of the water tube type; the steam gen¬ 
erated therein would have a pressure somewhere between 500 pounds and 
1000 pounds, and contain a steam superheater which would elevate the 
temperature some 200 to 250°F. above that of the saturated steam. This 
steam would be conveyed to a steam turbine of the compound type, directly 
connected to an electric generator, and exhausting its steam into a condenser 
of the evaporative type. The electric power would then be conveyed to 
motors mounted on the locomotive trucks and in this manner develop the 
propulsive power for the unit. 

I have prepared sketches illustrating my primary idea of such an 
assembly, which will be known as Figs. 1 and 2. 

When I received the prospectus of this competition regarding welding 
developments, I selected the above-described locomotive as the basis of my 
efforts along this line, and the following descriptions and illustrations will 
show my progression up to now, in developing welded constructions to 
replace the present method of fabricating these same structures. My idea 
now is, to produce a locomotive design of completely welded construction, 
fully streamlined, and self-contained, the power generating unit of which 
would compare in operating cost and efficiency with the most modem fixed 
units generating this type of power. My efforts in these welding develop¬ 
ments, while expended primarily in connection with this locomotive design, 
will apply to many different units outside the locomotive field, and as water 
tube boilers are my everyday job, I have selected most of the developments 
from this field. There are many types of water tube boilers, but the ones I 
have selected for this competition are two which I find best adaptable for 
this description, and are composed of drums, headers, and all of their connect¬ 
ing tubes and fittings. The only material difference in them is the method of 
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general arrangement of steam electric locomotive power unit Sectional view (top), top plate (center), side elevation (bottom). 
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Fig. 2. Vertical cross section of boiler. 


arrangement of these different components to do the job that they were 
designed for. 

Under the present fabricating setup of these components, the drums 
are mostly of welded construction. Both the longitudinal and girth seams 
are welded as are also the opening fittings that form part of the completed 
unit. 

The headers, under present-day methods of fabrication, are made mostly 
from hot-rolled seamless tubes and then by a series of forging and machin¬ 
ing operations are transformed into rectangular boxes with openings on one 
side to receive the tubes, and on the opposite side a handhole cover plate, 
together with an arch bar and stud to make a steam-tight joint between the 
header and the plate with the use of a gasket between the faces of the 
headers and the cover plates. 

The tubes are the next essential unit, and they are fastened into the 
headers by means of a roller expander with a tapered pin which rolls the 
tubes out against the hole in the header and by this means makes a steam- 
tight joint when the pressure is developed in the boiler. This, in the main, 
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Fig. 3. General assembly of headers, tubes and stectm drum. 



Fig-. 4. Enlarged cross section of main steam drum. 
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constitutes the present setup of the boiler unit, and to make more clear 
the welding developments, I have in mind to replace the setup described 
above, I have prepared Figs. 2 and 3, which illustrate with cross-sectional 
elevations the points where I propose to substitute arc welding for the present 
methods of making these steam-tight joints. 

Fig. 2 illustrates the type I have selected for the steam electric locomotive 
service, and Fig. 3 illustrates a type mostly used for land and marine service. 

The components of the two dilferent types are similar, the difference 
being in their arrangement in the final assembly. 

Fig. 4 illustrates an enlarged section of the steam drums and shows 
more clearly in detail how I propose to connect the different components to 
it. Illustrated on this sketch are seven welded joints: 1 and 2 are the 
longitudinal welded seams which are arc welded by the standard method for 
this class of work. 

On Fig. 5, I show an enlarged view of the joints marked Nos. 1 and 2, 
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which I have developed to replace the above^described standard method, 
which has, as its main object, an increase in the efficiency of production 
of this type of component. Welded joints Nos. 3, 4, 5, 6 and 7 are obtained 
by flanging the drum plate at these points, following the forming of the 
flat plate into its final circular form, the openings being sised to correspond 
with the attaching connections. 

Fig. 5 also illustrates an alternative method of making the main steam 
outlet connection No. 5 to the steam drum, though it will involve a little 
more expensive outlet fitting. 

Fig. 6 illustrates a manhole opening cover plate assembly for the steam 
drum which I believe is much simpler than the type in general use for this 
service and is fabricated by flanging the drum head out at this point, and 
by welding on the outer face of this flanged portion a keeper ring which 
is slotted at four points, so that the arch bar can be inserted and removed 
when opening and closing the cover. The cover plate, itself, is held in place 
by five adjusting screws, mounted in the arch bar, and the joint between 
the drum head and cover being of the tapered metahtO'metal type and free 
of gaskets, is capable of adjustment at all times by the aforementioned 
screws. The maintenance factor of such a joint is very low and the safety 
factor high. The fabrication cost of this type of manhole cover with the 
present type would be somewhat less and the maintenance cost would be 
considerably less. 
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Fig. 11. (left). Cross section of water wall element. Fig. 12. (right). Enlarged section of 
water wall element showing welded end connections. 

Figs. 7, 8 and 9 illustrate the steam generating tube headers or collectors, 
and show the welding developments that I propose to substitute for the 
present fabricating methods, as described in a previous paragraph. Fig. 7 
shows, in the upper view, a rolled steel channel which it will be noted has 
two different thicknesses of the web, so that when formed into a rectangular 
box, as shown at the bottom of the sketch, will have two opposite sides 
thick, and the other two thin. The weld line of the box will then come at 
point 10, and from an economical standpoint, it might be advisable to have 
these channels rolled in lengths which are multiples of the required header 
lengths, and following the forming and welding operations they can be cut 
into the desired lengths for staggered headers. 

Fig. 8 illustrates a vertical section and side elevation of the completely 
fabricated header. It shows, in the sectional view, how the rectangular 
box, described above, is further operated upon to give the results shown in 
this view. The rear or tube side of the header is flanged out to provide a 
proper welding face, as shown at point 11, for connecting the end of the 
generating tubes of the boiler to it. The front face of the header is 
arranged to contain a handhole cover plate opposite its aligned tube and 
is held in place by the stud bolt threaded through the arch bar, which, in 
turn, takes this thrust in grooves provided on this face of the header for this 
purpose. 

Fig. 9 is a vertical section of the header, together with the connecting 
tubes. It also illustrates how the top and bottom ends of the header are 







14. Cross section of water wall element adapted to superheater header construction. 
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processed to give on the top end a connection to the steam drum, and on 
the bottom end either an opening similar to the top, or a blank end, which¬ 
ever is desired. The method of making these and all the other welded con¬ 
nections in these headers at 8, 9, 11 and 13, are for clearer visualisation 
illustrated in Fig. 3. The connection of the tube collector element to the 
headers is clearly shown at welding point 11, and the welding of the steam 
generating tubes at welding point 12. 

Fig. 10 shows an enlarged view of the collector element for the steam.' 
generating tubes, with the arrangement of the generating tubes within the 
element, and the welding points eleven and twelve to the header and tube 
respectively. 

Figs. 11 and 12 illustrate a component that most large steam-generating 
units of today are equipped with. They are termed water walls, and take 
many different forms by different vendors, the most common being a plain 
tube with various heat-absorbing mountings to take the place of the fire 
brick walls, of which the furnace chamber is built. 

Fig. 11 illustrates an element for this type of service, which I have 
developed for this service, and which has as its basic form a rolled structural 
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Fig. 16, (left). Enlarged view of condenser tube unit. Fig. 17, (right). Assembly of 

economizer unit. 


channel, which by a series of fabricating operations is changed to the form 
shown on this sketch, with the two adjacent ends of the formed box welded 
at the point shown, making an ideal element for this type of service, and 
presents to the furnace side a solid water-cooled straight face. The fabrica¬ 
tion cost of this unit, in comparison with others on the market, is very much 
in its favor, and the method of connecting these units to the main header 
or collector is simplified by closing the ends down to the form shown on 
Fig. 12, and then welding them to the flanged openings in the main header. 

Figs. 13 and 14 illustrate applications of the element shown on Fig. 11 to 
the service of steam super-heaters, either with double- or triple-flanged 
welding ends for connecting to the main generating tubes of these units. 
This, in turn, makes a very simple and compact unit for this service, the 
she being limited only by the lengths possible to be obtained from the rolling 
mills of the main unit. The fabricating cost of this setup, in comparison 
with other types for this class of service, is in favor of this type of con¬ 
struction. 

Figs. 15 and 16 illustrate a sectional elevation of the all welded condenser 
I have developed for this locomotive, the main headers of which are made 
up from the same section shown on Fig. 11, which adapts itself very nicely 
to this class of service. 

Fig. 16 illustrates an enlarged view of the main condenser units, showing 
the headers and the inner and outer tubes assembled in place. The main 
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Fig. 18. Rolled channel blank for forming economizer and superheater headers. 



Fig. 19. Cross section of economizer header section. 
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idea in this setup is to break up the film of cooling water into the thinnest 
possible, thereby increasing its efficiency for condensing purposes. The 
fabricating cost of this setup, in comparison with other types, should be 
very much in its favor. 

Figs. 17, 18 and 19 illustrate an arrangement of an all welded economizer 
section which is used in a steam-generating plant to raise the temperature 
of the feed water by using the waste or stack gases for this purpose. 

Fig. 17 illustrates a two-header arrangement, complete with tubes, hand¬ 
hole covers, and arch bars. The basic form of the main header is a rolled 
channel structure illustrated on Fig. 18 and following the first refabricating 
operation will appear as shown by the dotted lines on this sketch, with the 
weld line coming as shown at the top of the rectangular box. Fig. 19 
illustrates an enlarged sectional elevation through the header and its fittings, 
showing the bottom face flanged to form the tube welding connections, the 
upper face being machine-bored to take a tapered handhole cover plate, 
which is held in place by a stud threaded through the arch bar, which takes 
this thrust from under cut grooves in the top side of the header. This makes 
a simple, economical and efficient setup for this type of unit, and mainte¬ 
nance costs will be very low. 

I might say in closing this paper that the boiler here described for 
locomotive service for this type of an installation would also adapt itself 
for replacement service on present-day locomotives and thereby increase 
their efficiency, and decrease their operation cost, and the field, for this 
class of business, would be very large. Time will not permit me to illustrate 
the many possibilities I have in mind for the other components in this 
locomotive design, so this must be left to some future effort. 



Chapter IV—Welded Design of 250-Ton Flat Car 


By H. Malcolm Priest, 

Engineer, U. S. Steel Corp. Subsidiaries, Pittsburgh , Pennsylvania. 



Subject Matter: Problems of riveting a 250'ton flat car appeared 
almost insurmountable. The only other alternative to a welded 
body was a steel casting involving the cost and delay attending 
the use of an expensive pattern. Since no precedent existed for 
the construction of a car of this capacity, careful design analyses 
were made. They are presented in considerable detail and include 
both stress and deflection investigations. Problems of shop fabri* 
cation are discussed in the light of the necessity for guarding 
against distortion and impossibility of stress relieving the entire 
structure. In the cost summary, a saving of 2 cents per pound or 
about 14 per cent in favor of welding is indicated. 


H. Malcolm Priest 


An unusual structure presents the designing engineer with new and 
unusual problems, as well as with unusual opportunities. The 250ton flat car 
to be described in this paper was unique in sise and weight and also in the 
fact that the main body of the car was completely welded. A belief that a 
concise account of the design of this welded structure would contribute to 
the preparation and to the economy of time in the preparation of other similar 
or related designs in the future has prompted the selection of this particular 
subject for discussion. 

The tremendous demands for steel brought about by the war created an 
urgent need for a car that could transport ingot molds weighing 250 tons and 
other heavy products. Time was the vital and compelling factor in the prompt 
construction of such a car, in the face of which it was necessary to use available 
material, as far as possible, and to maintain a simplicity, even at the sacrifice 
of some additional weight. 

No precedents existed for a car of so great a capacity and the basic 
specifications were simple and brief. They were as follows: 

1. Loading platform to be 18 feet long and 9 feet 8 inches wide. 

2. Height of platform (when loaded) to be 2 feet 6 inches above top of rail. 

3. Load to be 500,000 pounds distributed uniformly over the platform. 

4. Car to meet all interchange regulations of the Association of American 
Railroads. 

Having been designed in accordance with the last item, the car can be shipped 
over any railroad, provided that railroad meets the A.A.R. clearance diagram 
and its bridges have the necessary strength. 

Two feasible methods of construction presented themselves—either fabrf 
cated rolled steel or of unit cast steel. It was realised that welding of rolled 
steel offered a simple and ready means of producing a unit structure. On the 
other hand, cast steel construction, while offering a ready means for construct' 
ing the curved sections of the platform beams, involved, among other large 
scale operations, the making of an expensive pattern and the probable lengthen' 
ing of the time to completion of the car. Welded fabrication was chosen for 
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its potential advantages which subsequent design studies resolved to a series 
of relatively simple and economical construction procedures, thereby justify¬ 
ing the choice between the two methods. 

The total rail load of the car was estimated to be somewhat in excess of 
800,000 pounds, a weight which necessitated the use of twelve axles with 
7-inch x 14-inch journals, each axle having a rated capacity of 70,000 pounds. 

The general arrangement of the car, as finally developed from the basic 
specifications, is shown in Fig. 1. The main body is of the depressed center 
type and is supported at each end on a car structure mounted on two six-wheel 
trucks. Welding was used throughout the main body and to some extent 



in the end supporting structures. The final design was not achieved without 
a very considerable amount of preliminary calculations to establish dimensions 
and weights. In presenting the design computations for the main body of the 
car, only those will be used that refer to the finished structure. 

Fig. 2 shows the cross-section at the center of the car, from which it will 
be seen that the main body was made up of seven longitudinal beams placed 
side by side and welded together at their top and bottom flanges. The A.A.R. 
Unrestricted Clearance Diagram was of controlling importance because all 
of the car structure had to come within the limits of the diagram. It was a 
fortunate circumstance that the final selection of beams gave the specified 
width without any trimming of the top flanges. Owing to the inward taper 
of the lower portion of the diagram it was necessary, however, to cut off the 
bottom flanges of the outside beams—the effect of which will be discussed 
under the topic of design. 

The dimensions of the beam sections are given in Fig. 3. It was evident 
that there was no practical way to bend beams of such sis;e and length into 
the curved shape of the main car body. Moreover, there were distinct advan¬ 
tages in dividing each longitudinal beam into five parts—the straight plat¬ 
form section, the two curved transition sections and the two straight end sec¬ 
tions—then welding all five sections into a single beam. For the curved por¬ 
tions it was decided to build up the sections from plates as shown in the 
lower left-hand sketch of Fig. 3. One incidental gain from this subdivision of 
the beams into five sections was the possibility of using lighter beams for 
the end portions to effect some considerable weight saving. 
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With this general arrangement decided upon, the design calculations were 
carried out. These calculations will be concisely set forth in the immediately 
following portions of this paper and then followed by a description of the 
welding operations. 

Before the final design could proceed it was necessary to settle upon the 
working unit stresses for the steel. Preliminary calculations had shown that 
it was impossible to pack sufficient beams within the limits of the clearance 
diagram when a working stress of 16,000 pounds per square inch was used. 
This clearly called for the use of a higher working stress and the use of a 
high-tensile steel. Another compelling reason for the use of a higlvtensile 
steel was that of keeping the weight of the completed car within the capacity 
of the twelve axles. 

In such heavy rolled sections it is impossible, without increasing the amount 
of carbon and other alloying elements, to secure the same strength properties 
that are normally obtained in material of lighter and more usual thicknesses. 
Since these beams were to be spliced and joined together by welding it was 
decided to limit the carbon to 0.20 maximum and accept a lower yield point. 
Ordinarily, the selected analysis of nickebcopper structural steel would give 
a yield point of 50,000 pounds per square inch but in these thick beam sections, 
the mills would not guarantee a minimum of more than 40,000 pounds per 
square inch. The actual values of the yield point of the material, as rolled, 
ran between 42,000 and 44,000 pounds per square inch. 

For the combination of dead and live loads it was decided to use a factor 
of safety of 1.875 and when the end buffing load was added to the combination 
of dead and live loads, the factor of 1.75 was deemed adequate. On the basis 
of the guaranteed minimum yield point of 40,000 pounds per square inch 
the unit working stresses were as follows: 


Loading 
Dead + Live 


Unit Stress 

= 21330 say 21500 p.s.i. 


Dead + Live + Buffing 


40000 

1.75 


= 22860 say 23000 p.s.i 
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The loading diagrams for the main car body are shown in Fig. 4. The 
u pper sketch outlines the structure and gives the principal span dimensions. 
The splices were located at points A and B. The dead load figures are based 
upon the estimated weight of the final design and the live load is in accord with 
the third item of the basic specifications. The buffing load is the standard 
A.A.R- requirement of 250,000 pounds, which was assumed to act at the 
underside of the end beams where the center plate applies the load to the 
main car body. 

The first step in the design was to select the sizes of the beams at the center 
of the car where the maximum stresses occur and the calculations required 
for that determination will illustrate the procedure. 


Moments at Center of Car 


Load M = (71385 X 27.75) — (19640 X 22.44) — (30680 X 12.56) 
— (21065 X 4.0) = 1,070,600 ft.dbs. 

Live Load M == 250,000 (27.75 — 4.50) = 5,812,500 ft. = lbs. 

Buffing M = 250,000 X 3.67 = 916,700 ft.Tbs. 

Car Body Per Beam (7 beams) 

Dead + Live M = 6,883,100 ft.Tbs. 983,300 ft.Tbs. 

Dead + Live + Buffing M =7,799,800 ” ” 1,114,260 ” ” 


Complete moment diagrams are given in Fig. 5 and convey a good idea of 
the manner in which these moments vary. 

As a preliminary size, a calculation can be made of the required section 
modulus for one beam, on the assumption that each beam carries 1/7 of the 
total load, which is an equal distribution of the load among the beams. 

^ , , T • -n 983,300 X 12 

Dead + Live Required S =- 21~00 - ,==: ^48.8 

Dead + Live + Buffing Required S = A2’670 ~ ~ == 589.8 

The greater section modulus, 589.8, requires a 14CB370 for which 
S = 608.1. The unit stress of 22,670 may need a word of explanation, lhe 
end compression of 250,000 pounds, or 35,710 pounds per beam, produces a 
35 710 

stress of ^ = 3 30 pounds per square inch in a 14CB370 beam and this 

was substracted from the allowable working unit stress of 23,000 pounds per 
square inch, in order to get the net stress that remained for the bending. 

The assumption was made that the load was distributed equally among 
the beams and this is the ideal distribution. This assumption will hold only 
if certain conditions are fulfilled. It is evident that crosswise of the car the 
platform will remain level under the load and also because the beams are 
joined together by welding. In other words, the deflection of all seven beams 
will be the same. It can be readily shown that for equal deflection, the total 
load will be divided among the beams in proportion to their moments of 
inertia. This has a direct bearing upon what has to be done when we remove 



232 


STUDIES IN ARC WELDING 


CENTRAL SECTION 



A* 115.17 1-5626.4 
S t -662.7 Sb-551.6 


16.4 75" 



14 CB3fa 


A 108.76 1-5454.2 
S« 608.1 


CURVED SECTION 
16 50' 



0-16 5o'* D= 16.00' 
A 117.38 120 00 

I 4753.6 5895 0 

S 576.2 655 0 


END SECTION 
16 025 " 



4 CB 264 

A-77 63 1=3526.0 
S = 427.4 


18-9' 

18-0" Platform 

18-9" 







L^j 

JC B 

-T- 




9'-1‘/ 2 “ 

Jr_?LL«r£i 

9'-l'/ 2 " 

IO'-7>/ 2 " 

55-6" __ 1 

0 

<D 

0 

0 

0 


^id- s’-o" __5‘-"* 

j Section Total Weight Wt. per Ft I 

DEAD * 19 640 lbs. I848lbs. 


W = 5C0 000 Its 

;3' r 9”.j. ■€- o" _ __ . I ft'-9' 

LIVE LOAD 



BUFFING LOAD 


Fig. 3, (left). Beam sections. Fig. 4, (right). Loading diagrams. 


the bottom flanges on the outside beams to keep with the clearance diagram. 

The final section of the outside beams was determined only after a number 
of trial sections were investigated and probably, if more time had been available, 
a slightly closer balance of top and bottom flange stresses might have been 
achieved, although the result was considered satisfactory. It will be noted 
that a 14CB426 beam was utilised with a reinforcing bar added on the inside 
bottom flange to balance the flange material that had to be removed. The 
section and its properties are shown in the upper left-hand sketch of Fig. 3. 
The moment of inertia of 5626.4 is in reasonably close agreement with that 
of 5454.2 for the five interior 14CB370 beams, hence with equal deflections, 
all seven beams will carry practically equal portions of the load. Since the 
beams are of nearly equal depth, the stresses should be in the same order of 
magnitude. 

A check of the final stresses in the outside and interior beams yields the 
following results. 


Interior Beams (14CB370) 
Bending Dead 4- M _ 

_ 983,300 X 12 

Top Flange 
= —19,400 

Bottom Flange 
+ 19,400 

Live Loads 

. S 

- 608.1 


Bending Buffing 

M 

_ 130,960 X 12 


2,580 

S ~ 

” 608.1 


Direct Buffing 

P 

A ~ 

35,710 

108.78 

==— 330 

330 


Total Stress 

= —22,310 p.s.i. 

. +21,650 p.s.i. 
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These stresses are within the working unit stresses selected for the design. 

The mill test of the material in these beams gave a yield point of 43,740 
pounds per square inch for which a calculation of the actual factors of safety 
may be of interest. 

For Dead and Live Loads F.S. = 

43740 

For Dead, Live and Buffing Loads F.S. = — — Q = 1-96 


Outside Beams (14CB426) 


Bending 

Dead + 

M 

983,300 X 12 

Top Flange 

Bottom Flange 

Live Loads 

S ~~ 

s 

—17,800 

+21,390 

Bending 

Buffing 

M 

130,960 X 12 

= — 2,370 

+ 2,850 

S " 

S 

Direct 

Buffing 

P 

35,710 

—_ % i o 

— 310 

A ” 

115.17 

O Jl L/ 



Total 

Stress 

—20,480 p.s.i 

. +23,930 p.s.i. 


The stresses for dead and live loads are well within the working stresses and 
only in the case of the bottom flange, when the buffing stresses are added, is the 
combined stress higher. The mill test material in the 14CB 426 beams gave a 
yield point of 42,140 pounds per square inch which leads to the following 
factors of safety: 


For Dead and Live Loads 


For Dead, Live and Buffing Loads 


F.S. 

42140 
~ 21390 

= 1.97 

F.S. 

42140 

23930 

= 1.76 


The stress of 23,910 pounds per square inch might have been reduced by 
the addition of an extra reinforcing bar for the short distance at the center 
where the stress exceeded 23,000 pounds per square inch, but since the actua 
yield point provided a factor of safety of 1.76 it was considered unnecessary 
to do this. Then too, the end deflection of the bolsters tends to relieve a small 
amount of the stress in the outside beams. 

Since the sections of the beams at the center are maintained outward to 
the splices, the next cross-section of the car that should he examined is that 
just outside of the splices at Points B. It is evident, from a comparison of the 
sections that the curved section (D =18 inches, to match the depth of a 
14CB370 beam) is more than equivalent to a 14CB370 beam. Hence the 
interior beams will be adequate at the cross-section under discussion. The 
lower end of the curved section of the outside beams was made 18% inches to 
match the 14CB426 beams. No reinforcing plate was provided and some 
question might arise as to the stresses in the outside beams in the region of the 
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Fig. 5, (left). Moment diagrams. Fig. 6. (right). Curved section of inside beams. 


splices since the bottom flange had to be trimmed to keep the structure within 
the clear di^gr^m. The calculations will not be given but the stresses are tabu* 
lated below: 


Bending Dead and Live Loads 
Bending Buffing 
Direct Buffing Load 


Top Flange 

—15,670 

— 2,430 

— 340 

—18,440 p.s.i. 


Bottom Flange 

+ 21,040 
+ 3,260 
— 340 

+ 23,960 p.s.i. 


The mill test of the 3-inch plates in the flanges showed a yield point of 
50,3 30 pounds per square inch which gives an actual factor of safety 


23960 


2 . 10 . 


Fig. 6 shows the dimensions and construction of the curved section of the 
inside beams, and the outside beams were practically the same except for the 
depth at the splice B. The stresses around the curved portion with the inner 
radius of llj/J-inches had to be investigated. The calculations were made in 
accordance with the principles of analysis for Curved Bars as discussed in 
"■Strength of Materials Part II Second Edition 1941” by S. Timoshenko. 
They are somewhat involved but lead to the following results for the inside 
beams:— 


Bending Dead and Live Loads 
Bending Buffing Load 
Direct Buffing Load' 


Top Flange 

-18,990 

- 3,040 

- 300 

—22,330 p.s.i. 


Bottom Flange 

+ 12,890 
+ 2,060 
— 300 

+14,650 p.s.i. 
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Had the stresses been calculated on the basis of the section being in a 
straight portion of the beam the results would have been thus. 

Top Flange Bottom Flange 

—14,970 +14,970 

— 2,400 + 2,400 

— 300 — 300 

—17,670 p.s.i. + 17,070 p.s.i. 

This indicates that the effect of the curvature was to increase the stress 
about 27 per cent in the flange on the inside radius of lV /4 inches. 

In the case of the outside beams, the partial removal of the bottom flange 
benefits the stress in the top flange because it has the effect of moving the center 
of gravity of the section nearer the top. The total stress in the top flange is 
—13,740 pounds per square inch and in the bottom flange +11,990 pounds 
per square inch. Obviously, some reduction of weight might have been made 
here, but, for purposes of uniformity, the material was maintained the same 
as for the interior beams. 


Bending Dead and Live Loads 
Bending Buffing Load 
Direct Buffing Load 



Fig. 7, (left). Bolster construction. Fig. 8, (right). Deflection of bolster. 


The horizontal and portions of the car body were investigated at the splice 
at Point A, where the moments are as tabulated below: 

Car Body Per Beam 

Dead Load 654,130 ft—lbs. 93,450 ft.=lbs. 

Live Load 2,656,250 379,460 

Total 3,310,380 472,910 

Buffing Load —171,880 —24,550 

Total 3,138,500 448,360 

Required Section Modulus 

^T~7 777 7 , o 472,910x 12 

Dead and Live Loads o = 21 T 0 O- = 


Dead, Live and Buffing Loads S == 


448,360 x 12 
22,250 


241.8 
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Fig. 9. Live load deflection. 


The greater section modulus of 263.9 calls for a 14CB167 with S = 267.3. 

The beams in the car, as actually constructed, were 14CB264 which were 
much heavier than were needed in the final design. This resulted from an 
earlier arrangement employing only six beams with the splice point A nearer 
the center of the car. The heavier size was inadvertently carried over to the 
final design and before the change could be incorporated, it was too late to do 
so without considerable delay. The decision was made to let the design go in the 
heavier size, since, quite obviously, the strength of the structure was not 
impaired. Again, this emphasises the urgent need of speed in the delivery of the 
car. 

The bolster construction is shown in Fig. 7. A double-Beam bolster was 
used in order to provide a more uniform support for the 24-inch center plate 
than would have been the case with only one web over the center. For ease 
of fitting the seven longitudinal beams into the bolster and to keep a uniform 
depth of structure at this point, the same section of 14CB264 was used. This 
also permitted the rolling of the longitudinal and bolster beams from the same 
ingot, as there was not nearly enough weight in the bolster beams alone to 
utilize an entire ingot, as would have been necessary had they been rolled to 
a lighter section. Of course it was possible to build up the bolsters in the 
same manner as was done for the curved sections and thus to design a section 
to meet the requirements with a minimum of weight, but this was ruled out 
in this case, because of the extra preparation and welding necessary to 
achieve the equivalent of a beam section that could be rolled in one piece. 
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To complete the design of the car body, the calculations will be given for 
the bolster as it might have been constructed. Following out the same pro¬ 
cedure and reasoning as in the previous paragraph, the two bolster beams 
might have been 14CB167 to match the longitudinal beams that were actually 
required, as it will be seen presently that they would have possessed ample 
strength. 

From an inspection of Fig. 7 it will be noted that the outside longitudinal 
beam is connected to both of the bolster beams while the interior longitudinal 
beams connect only to the bolster beam nearer the center of the car. This 
brings about an indeterminate distribution between the bolster beams of the 
reaction of the outside beam unless some assumption is made. The assumption 
was made that the deflections of the two bolster beams were the same at the 
line of the outside beam. The calculations on this basis are developed in Fig. 
8. Each half of the bolster may be treated as a cantilever beam and the 
formulae for end deflection of a cantilever beam are given in Fig. 8A. 

From the loading diagrams of Fig. 4 the end reactions are readily computed 
with these results:— 


Reaction 

Dead Load 71,385 
Live Load 250,000 

Total 


The total reaction per beam equals 


321,385 lbs. 
321385 


45912 pounds which is the 


value of W in Fig. 8B. Let P equal the portion of the reaction of the outside 
beam that is carried by Bolster Beam B. Then W-P is the load at the end of 
Beam A. Since the two bolster beams were to be of the same size, their 
moments of inertia were equal. The two equations for deflections of beams A 
and B are given and by equating them (the deflections were assumed equal) 
the value of P becomes .16784 W. 


P = .16784 X 45912 = 7706 
W-P = 45912 — 7706 = 38206 


The maximum moment in Beam A equals 38206 x 49.6 = 1,895,020 inch- 
pounds. The moment in Beam B equals (7706 x 49.6) + 45912 (16.5 + 33.0) 
= 2,654,860 inch-pounds. 

It is customary practice to reduce the working stress 25 per cent when 
designing bolsters, hence the unit stress = 21,5 00 x.75 = 16,125, say 
16,000 pounds per square inch. Using the larger of the two moments:— 


A 14CB 103 beam (S == 163.6) would be just about right as far as bending 
is concerned but it has a depth of only 14.25 inches whereas the longitudinal 
beams 14CB167, that might have been used, are 15.12 inches deep. 

The maximum shear on the web of Beam B equals 7706 + 2x45912 = 
99530 pounds. The shearing yield point of the nickel-copper structural is 
about 65 per cent of the yield point in tension, or, in this instance, .65 x 42000 
= 27300 pounds per square in. Applying the factor of safety of 1.875 and 
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reducing the unit stress 25 per cent for bolsters, the working unit stress in 
27300 X .75 

shear becomes- ' = 10900, say 11000 pounds per square inch. 

1.87 5 


The required.web area is = 9.05 square inches. A 14CB127 beam 

has a web area of 8.91 and would therefore be acceptable, with a unit shearing 
stress of 11170 pounds per square inch. It is seen that shear and not bending 
is the controlling factor for these particular beams. 

The bolster might have been fabricated from plates to a depth of 15j/g- 
inches to match that of the 14CB167 longitudinal beams. Such a built-up 
beam, having 15-inch x %-inch flange plates and a 54-inch web would have 
the following properties:— 

I = 1295.1 S = 171.3 Web Area = 9.45 Wt. per ft. 106 pounds 
(incl. welds) This section meets all the requirements for both shear and 
moment. 



As this paper presents an actual structure, it seeks to describe what was 
done and also to point out what might have been done. The end sections, 
outward from the splice points A, are the only portions affected to any extent. 
Summing up the previous discussion:— 


As Built Possible 

Longitudinal Beams 14CB264 14CB167 

Bolster Beams 14CB264 14CB127 or 

Built-up @106 pounds 

Deflection—The deflection of the structure was of practical importance 
and the method of calculation is shown in Fig. 9. The details of the computa¬ 
tions will be omitted. The curved portion of an inside beam is shown and a 
table of properties at sections A to K and the distances between them as 
measured along the axis of the beam. The illustrative example is for the 
deflection at the center for a total load W, uniformly distributed over a 
length of 18 feet. 
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The principle for obtaining the deflection is to be found in many textbooks 
on Strength of Materials and consists first of finding the area under a curve 

plotted from the values of —y- at a series of points along the span where 

M = moment at the section from the given load 

m == moment at the section from a unit load at the point where the 
deflection is desired 

I = moment of inertia of the beam at the section 
For example, take the section at B. 


M 


W X 11 
2 


5.5W ft. lbs. 


m — 1/2 x 11 = 5.5 ft. lbs. 

I == 4754 (See Table in Fig. 9) 

— = .0063 6306 W 


The complete diagram for one-half the total span is plotted in Fig. 9 from a 
series of calculations at one foot intervals, for the most part, measured 
horizontally. The actual distance between the sections of the curved portion 
of the beam are used as the abscissae in the diagram. 

The procedure of calculating the area of the diagram will be clear and 
the result is 3.889919 W. The deflection is found from the following 
formula:— 

A (Area of Mm Diagram) w 1 

“ I X E 

For the loading of Fig. 9 
9919 W 
29000 

The figure 2 in the numerator is required because the area of the diagram 
covers only Yl of the span and the 144 factor is necessary to convert the 
moments M and m to inch lbs. 

W = 500000 pounds for the entire car and for one beam it is —QQ— = 

71430 pounds. Putting this value for W in the above formula for the live 
load deflection:— 

A = .0000 3863 X 71430 = 2.76 inches 
From a similar calculation the dead load deflection was found to be 0.56 inch. 

When the car was finally built, it was loaded with plates to an actual 
load of 500,137 pounds at which there was a measured deflection of 224- 
inches. Comparing this deflection with the calculated value, it is seen to be 
within 4 per cent, thus affording an excellent check on the computations. 

By reference to Fig. 1 it will be noted that when the deflection of 2 
inches is taken from the unloaded height of the platform, the height under 
full line load is 2 feet 6 inches—the requirement of the basic specifications. 

A 2-inch camber was put into the car body in a manner shown in Fig. 10. 
This was done by dropping the outer ends of the horizontal beams, begin¬ 
ning at the limits of the platform. Obviously no gradual curvature could 
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be put into the beams before assembly. It will be seen in the camber 
diagram that the actual method was in close practical agreement, however, 
with a theoretical parabolic camber. 

One point about the deflection may be of passing interest. While the 
live load was assumed as uniformly distributed over the platform it would 
be impossible to get this loading with an ingot mold such as shown in Fig. 
16. The mold is so rigid that it has practically no deflection in itself and 
therefore cannot conform to the elastic deflection curve of the car body 
beams. Hence, the car body would actually deflect away from the mold, 
thus transferring the loads outward toward the ends of the platform, with a 
consequent reduction of the maximum moments and stresses. As a matter 
of fact, the mold does not have a truly flat base and in loading it on the car, 
oak planks are placed under each end so as to be above the local surface 
irregularities on the under surface of the mold. 

Shop Fabrication—The method of welding these five sections into one 
longitudinal beam had to be given serious thought for several reasons. A 
glance at the moment diagram of Fig. 5 shows that at splice points B there 
is not a great reduction from the maximum moment at the center. The 
reduction is only 19 per cent and called for practically 100 per cent efficiency 
in the splices. Another factor was the impossibility of stress-relieving the 
complete structure—first, because of lack of facilities of sufficient size and 
second for fear of distortion. Distortion from welding had to be guarded 
against because it was essential that each longitudinal beam have the same 
shape, in order that the platform would be smooth and level after final 
assembly. Matching of the shape of all seven beams was necessary in order 
to carry out the welding of the flanges. It would not have been possible to 
correct any irregularities in the welded beams to achieve this uniformity 
without great difficulty. 

The weights and sizes of the parts to be handled were also a factor to 
be considered. The weights for one interior beam are tabulated below:— 

1— Platform Section @ 5970 = 5970 lbs. 

2— Curved Sections @ 4360 = 8720 

2—End Sections @ 2485 = 4970 

Total Weight of One Beam = 19660 lbs. 

The length of this assembled beam was about 56 feet and with the ends 
curved upward to an offset of 4 feet 3 inches, the assembly would have 
been an awkward and heavy piece to position for arc welding on all four 
sides of the splice. It would have been quite possible to design a jig in 
which the beam could have been rotated about a longitudinal axis, but since 
only one car was to be built, the expenditure for such a jig for special 
handling was not warranted. 

An excellent solution of the problem of making these splices was offered 
by Thermit welding. Because the weld is made in one operation, the heating 
and subsequent shrinkage are uniform across the section. The mold around 
the joint provides for slow cooling, which is practically a stress-relieving 
process, resulting in a minimum of locked-up stresses. The fact that the 
beam sections at the splices were nearly alike in all cases made it possible to 
use the same molds (with minor variations) for all 28 joints, thereby result¬ 
ing in a good production job. 

No particular problem was involved in the construction of the curved 
sections. The webs were cut to shape by a gas torch, mechanically guided 
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Fig. 11, i Jig and assembly for welding. Fig. 12, (right). Welded joint after removal 

of mold. 


from a track template. The edges were then beveled as indicated in the 
detail of the joint in Fig. 6. The 3'inch top and bottom flange plates were 
heated and bent to shape in small dies on a gag press and checked against 
a template. The straight portions at the ends were necessary in order to 
avoid the difficulty of starting a bend at an edge. One other very practical 
consideration from the standpoint of design in connection with the straight 
end portions was the resulting location of the splices outside the region of 
increased stresses due to the curvative of the beam. 

The web and flanges were assembled in a simple jig and welded together 
in eight alternate passes on each side of the web. Three'quarter inch fillets 
were then built up on top of these welds in six passes on each side. Since 
the welding was carried out in a cold shop during January 1941, the steel 
was kept warm with gas flames. 

Fig. 11 shows the jig and arrangement for assembling and thermit 
welding the longitudinal beams. An Tbeam was used as a temporary base 
to which were tack welded short lengths of small beams to support the plat' 
form portion of the car body beam and the lower ends of the curved sections. 
The straight end portions of the curved sections were convenient for placing 
a horizontal support under them. The higher portions were supported on 
posts cut from scrap beams to which angles were welded to form a bearing 
under the longitudinal beam. The jig was simplicity itself. The camber was 
put into the complete beam assembly by lowering the outer ends of the 
upper horizontal portions 2 inches below the level at the line of the platform. 
This simple means avoided any clamping or jacking operations. 

The picture shows one of the interior beams of the main car body. Each 
of the five parts was assembled in its proper place and the molds^were placed 
around the four splice joints. This operation required a day's time. On 
the second day, the joints were preheated, two at a time, and then poured. 
In the meantime, another beam was assembled on a second jig and the 
fabrication alternated from one jig to the other. Under ordinary circum* 
stances, it would not have been necessary to build a second jig but it saved 
a week's time at only the small cost of the extra jig. 

Fig. 12 shows two of the joints after removal of the molds. Subsequently, 
the reinforcing was chipped and ground along the edges of the flanges and 
smoothed over the remaining portions of the joint. It is interesting to note 






242 


STUDIES IN ARC WELDING 


that the overall movement of the beams, after the four splices had been 
poured and cooled, was negligible. This assured the matching of the seven 
beams when assembled side by side in the car body and obviated any need 
for adjustment. 

Prior to the assembly of the car body, intermediate plate stiffeners at 
3'0" ctrs. in the platform portion only were welded to the web between 
the flanges on both sides of three interior beams. These stiffeners projected 
beyond the flanges of the beams to which they were welded so as to act as 
stiffeners between the flanges of the adjacent beams. Because of the boxed- 
in condition it was impossible to weld the stiffeners to the adjacent beams. 
The intended function of these stiffeners was to brace the top flanges against 
local bending from the load applied directly to them. 

The next step in the fabrication was the assembling and welding together 
of the seven beams comprising the main car body. The ends of the beams 
are framed into the double-beam bolsters as shown in Fig. 7. When finally 
fabricated, the top and bottom flanges of the beams in the platform and 
curved portions were securely welded together as indicated in Fig. 2. J-butt 
welds were used in order to avoid moving all the heavy pieces to a machine 
for preparation of the groove, since the placing of a groove in each edge of 
the flanges of only three beams provided grooves for welding all of the 
beam flanges together. This grooving was done on the individual units of 
the beams before the thermit welding of the splices was carried out. The 
grooving of the curved flanges was done before the plates were bent to 
shape. The photographs of Figs. 11 and 12 clearly show the prepared edges. 

The weight of the completed main car body was about 150,000 pounds. 
Welding of both top and bottom flanges called for some means of turning 



Fig. 13. Jig for assembly of car body. 
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the heavy structure so that the work could be positioned for welding. Two 
jigs with trunnions and clamps for holding the bolsters at each end were 
constructed and are shown in Fig. 13. Since the connections of the beams 
to the bolster are boxed in by the addition of the next beam it was necessary 
to start with the assembly of the middle beam and weld it to the bolsters 
at each end. Then the beams on either side were assembled and welded to 
the bolster until, finally, all seven beams were so connected. 

Next came the making of the continuous longitudinal welds on the 
flanges of the beams in the platform and curved sections. Owing to the fact 
that the fabrication of this car was carried out in freezing weather of 
January 1941, a rough wooden shed was built in which the assembly 
and welding could be conducted. The entire assembly was maintained at 
about 200°F. throughout this welding operation by means of several gas 
fires inside old steel drums, which were distributed along the under side of 
the car body. By a careful control of the heat it was possible to keep warp¬ 
ing to a minimum. Gages were distributed at several points, by means 
which the deflection due to welding on the top side could be measured. 
Whenever this deflection amounted to ^'inch, the assembly was turned 
over and welding proceeded on the opposite side until the deflection in¬ 
dicated that another reversal should be made. Once the welding had begun, 
the operation was carried on continuously until the work was completed. 
The step-back method was followed and symmetry of welding about the 
center line of car was maintained in order to avoid unequal warping. 

Upon completion of the longitudinal seams, the positioning fixtures were 
temporarily removed to permit the addition of the outside end beams 
forming the other half of the bolsters. The fixtures were replaced so that 
the final welding of these end beams could be completed and the body side 
bearings be positioned. The jigs were then removed and the center plate 
riveted and welded in place. 

From this stage on, the assembly of the car was completed by placing 
the main car body on the two end supporting structures. There was no 
crane available with sufficient lifting capacity and to surmount this dif¬ 
ficulty the assembly and welding of the main car body had been carried out 
over one of the yard tracks. The body was jacked up while the two end 
structures on their trucks were rolled into position, when the main body 
was lowered into its final position. 



Fig. 14, (left). View of welded splice. Fig. 15, (right). Longitudinal welds on curved 

section. 
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The fabrication of the main body required 8000 pounds of Thermit 
in the making of the 28 splices. There were 38400 linear feet of J^-inch 
bead welding, requiring 7800 pounds of electrodes and 1400 man-hours for 
the operators. 

Fig. 14 is a photograph of the thermit-welded splice between the plat¬ 
form and curved portions. The fillet weld between the web and flange of 
the curved section is plainly evident. Likewise, the beveling of the bottom 
flange to bring it within the A.A.R. clearance diagram may be seen. Fig. 15 
shows the longitudinal welds on the flanges of the curved portion. 

Fig. 16 is a photograph of the completed car carrying its first load, an 
ingot mold weighing 160 tons. Today the car is in regular use, contributing 
its share to the war effort of the steel industry. 

Advantages of Welding —The problem of riveting such a car body 
appeared almost insurmountable and the only other alternative to welded 
construction was that of unit cast steel. This latter method would have 
involved the cost of an expensive pattern, which cost would have had to be 
absorbed on the one car. Then there was the delay incident to making the 
pattern, whereas the welded construction could start immediately upon 
arrival of the rolled steel at the shop. Welded construction offered the 
assurance of sound metal throughout the structure and precluded any pos¬ 
sibility of delay or expense due to difficulties that might arise in pouring so 
large a casting. 

A brief study of the construction of the main car body will show that, 
aside from the one operation of bending the flange plates of the curved 
sections, every other operation can be executed with the simple tools and 
equipment used in gas cutting and welding. There is no need to handle 
any of the pieces to machines for any of the operations common to riveted 
work. 

Where shop overhead expense is proportioned according to the facilities 
required in fabrication, it becomes apparent what savings can be effected 
in the cost of welded construction of the type exemplified by this car. 

The jig for the Thermit welding was particularly simple and inex¬ 
pensive, since it merely had to provide vertical support for the weldment 
and was not required to restrain any deformation or provide for positioning 
the beam. Very few shops, particularly in the car building industry, are 



Fig. 16. Car loaded with 160-ton mold. 
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equipped with cranes of sufficient capacity to lift 75 tons and, in overcoming 
this difficulty, the jig for the car body met the problem of assembling and 
handling for welding in an effective manner. 

Estimates of Cost— -The actual costs of the main car body were available 
only in part to the author and it has been necessary, therefore, to estimate 
a cost for a minor portion of the total. No car of this sue has ever been 
built in cast steel construction and consequently there are no figures for the 


cost of such a car. 

WELDED DESIGN 

Rolled Steel (including freight).......$ 5980 

Arc Welding 

Material . 520 

Power . 200 

Direct Labor . 1650 

Thermit Welding 

Material . 2800 

Direct Labor . 500 

Jigs . 1300 

Preparation of Material 

Labor . 750 


Total Cost ...$13700 


The weight of the finished car body was 156,980 pounds. The cost per 
pound equals “ = $-0873. The addition of 150 per cent overhead to 

the items of labor brings the estimated cost to $18,050, or $.1150 per pound. 

A still further reduction in the cost of the welded rolled steel design 
might have been effected by using ordinary structural steel instead of the 
nickehcopper steel in the high end beams, the webs of the curved portions 
and the stiffening plates. This would have resulted in a reduction of .50 cents 
per pound in the cost. Such use of lower cost material in places where it 
is suitable could not be followed with cast construction, since it would be 
necessary to pour the same grade of material throughout the casting. 

Cast Steel Design—From a study of the published prices of cast steel 
truck bolsters, locomotive side frames and complete locomotive beds in 
standard designs (for which no large costs for new patterns have to be 
included) it has been concluded that the price of the main car body in cast 
high'tensile steel would have been at least 15 or 16 cents per pound. 

Summary of Costs 


Material of Construction Cost Profit Price 

Welded Rolled Steel.I.11—11.5c 20% 13.2—13.8c per lb. 

Cast Steel . . 15.0—16.0c per lb. 


Since only the selling prices of cast steel were available, it was necessary 
to determine a selling price for welded rolled steel, for which a profit of 20 
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per cent has been assumed. The comparison of prices shows a definitely 
favorable balance for the welded rolled steel construction. 

Conclusion—-This paper has described the design and construction of a 
special type of car, of which only one was built. In the case of most special 
cars, only a single unit, or at the most only a few are built to any one design. 
For such cars, welded rolled steel construction offers an ideal method of 
fabrication at a reasonable cost and facilitates prompt completion. 

The designing and fabricating procedure and the simplicity of construc- 
tion details developed for this 250-ton flat car point definitely to the ad¬ 
vantages of applying them to the underframes of ordinary flat cars and 
gondolas, where the number of cars of these types, built annually, runs into 
the thousands. Underframes of box cars are already in that class where 
welding is an accepted method of fabrication. 

As might be expected, retrospective study and analysis of the design of 
this car, in the light of experience, have brought out several instances where 
additional economies may be effected in the cost of future cars. No detail 
of construction is too small to be studied and the success of any welded 
structure is enhanced to the degree that attention is given to seemingly minor 
items of design and fabrication. 



Chapter V—Arc Welded Conversion of Tenders Into Tank Cars 

By Clifford A. Salk and Ray F. Theisen, 

Carman and Welder, respectively. Great 'Horthern Railway, St. Cloud Shops , 

St. Cloud, Minn. 



Clifford A. Salk 


Subject Matter: Arc welding, applied to 
the conversion of tenders into tank 
cars, lengthens the service life, since cor¬ 
rosion causes rivet heads to loosen and 
plates to crack. Corrosion can be more 
readily checked if welding is employed 
and the car is stronger and more durable. 
Further, the elimination of excess material 
reduces the total weight and gives better 
and longer performance. Arc welding of¬ 
fers a larger measure of safety both dur¬ 
ing construction and in subsequent opera¬ 
tion, since there are no projecting rivet 
heads on plate edges to trip trainmen and 
loaders walking on the deck. Savings 24%, 
as compared with riveting, are claimed. 



Ray F. Theisen 


The subject matter of this paper compares arc welding with the previous 
method of construction which was riveting. 

Referring you to ‘'‘'Bill of material for riveting one Water Car, changed 
from a Tender," 1 and "Bill of material for Arc Welding one Water Car, 
changed from a Tender, 11 herein attached: The total cost of construction 
by applying rivets, was $130.03, and the total cost of construction by ap¬ 
plying arc welding is $97.92, a saving of $32.11, or 24.7 per cent per 
water car. 

The total time for riveting was 60.8 hours and the total time used for 
arc welding is 24 hours, a saving of 36.8 hours, or a saving of 60.5 per cent 
of time. Welding speeds production! Figures don’t lie! 

Referring to drawings Figs. 1 and 2, you will readily notice the difference 
in the tank supports used. Where riveting was applied, we used a long 
angle iron, and where we applied arc welding 1-inch bars were used. We 
found arc welding made a sturdier, stronger and more rigid structure. 
Where the angle iron was used we found loosened rivets due to vibrations. 
By use of arc welding, this fault was readily checked. When these rivets 
were loose, we also found the plates to which they were attached, cracked, 
causing the tank to leak. 

On car after car, as we went along, we applied arc welding instead of 
rivets, in places where arc welding proved more practical, until finally arc 
welding was applied throughout, discarding the use of rivets altogether. 
On these water cars, all rivet heads inside of the car became corroded and 
rusted. Corrosion and rust caused the rivets to loosen which in turn cracked 
the plate to which the rivets were applied. On the other hand where arc 
welding was used, corrosion and rust can be checked, the service life of the 
car can be lengthened a great deal. Arc welding, therefore, definitely in¬ 
creases the service life of these water cars. 
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Fig. 1. Riveted conversion of tender into water car. 


Arc welding has been proven more efficient than riveting: Referring to 
the drawings where the coal slope angles meet the top of the car, it was 
found rather difficult to get in those corners with a pneumatic riveting ham' 
mer, where therewith a welding rod, it could be easily reached. Therefore, 
arc welding is more practical and more efficient in the course of construction 
on these water cars. 

In the actual structure, arc welding makes the car one integral part, 
stronger, more durable and more rigid. Plates and angles are weakened by 
the process of punching, which must be done preparatory to riveting. 
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Fig. 2. Welded conversion of tender into water car. 


Refer again to drawings. Figs. 1 and 2. Note the coal slope angles which 
are used when rivets are applied; when arc welding is applied, these angles 
can. be done away with completely. Where extra material can be discarded, 
it makes the tank lighter and therefore gives the tank a better and longer 
running performance. 

More safety can be accomplished in the course of construction and in 
the actual structure of water cars by the use of arc welding. The top of 
the water car or tank deck that is riveted, the plates attached must be 
overlapped to allow connection of these plates by the rivets. This overlap" 
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Bill of Material and Labor Required for Riveting One Water Car Changed 
from a Tender (See Fig. 1) 


Angle Iron 


Total Cost 


7'-4" Lin. Ft. 3"x3"xl/ 2 " @9.4# cwt. $2.77.$ 1.92 

4'-0" Lin. Ft. 31 / 2 "x 3 "x! 4 " @5.4# cwt. $2.77.70 

68'-10" Lin. Ft. 2l/ 2 "x2|/ 2 "x5/16" @5.0# cwt. $2.77. 10.99 

13'-6" Lin. Ft. 2' , x2"xJ4" @3.19# cwt. $2.77. 1.19 

Total cost of angle iron. $14.80 

Plates 

3—Pis. !4"x4'-0"x9'-10" @401.2# cwt. $2.77.$33.44 

1—PI. l4"x4'~2"xll'-4" @481.7# cwt. $2.77. 13.34 

1—PI. !4"x5'-6!4"xl0'-0" @563# cwt. $2.77. 15.60 

Total cost of plates. $62.38 

Rivets 

22—5/8"x2" @.249# cwt. $4.17.-.$ .23 

13__578" X 2]4" @.273# cwt. $4.17.15 

74 __j/ 2 " x 214 " @.163# cwt. $4.37.53 

825—!/ 2 W x 2 " @.149# cwt. $4.37. 5.27 

Total cost of rivets.- $6.18 

Tarpaper 

1—Piece 3'-0"x29'-0" @$.004146 per sq. ft.$ .36 

Total cost of material. $83.72 

Labor 

Angle Punching 

906—9/16" holes 2 men, 2 hrs. @$.72.$ 2.88 

Plate Punching 

863—9/16" holes 2 men, V/ 2 hrs. @$.72. 5.04 

Total cost of punching. $7.92 

Cutting by Acetylene 

200—9/16" holes 1 man, 1 hr. @$.72.$ .72 


Riveting 

2 men, 10 hrs. @$.60.$12.00 

2 men, 10 hrs. (5) .88. 17.60 

Total cost of riveting $29.60 

Bolt Tacking, Preparatory to Riveting 

2 men, 2 hrs. @$.88.$3.52 

Reaming Holes Preparatory to Riveting 

1 man, V/ 2 hrs. @$.88.$1.32 

Application of Tank Supports 

2 men, 20 min. @$.88.$ .59 

Application of Coal Slope Angles 

2 men, V 2 hr. @$.88.$ .88 

Application of Tarpaper 

2 men, 1 hr. @$.88.$1.76 

Total cost of labor $46.31 


TOTAL COST OF MATERIAL AND LABOR 


Note: All other labor is same as for arc welding. 


$130.03 
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Bill of Material Required for Arc Welding (Manual) 
One Water Car Changed from a Tender (See Fig. 2) 


Angle Iron 

44 '-10" Lin. Ft. 2i/ 2 "x2l/ 2 "x5/16" @5# cwt. $2.77. 
13 '- 6" Lin. Ft. 2"x2"xJ4" @3.19# cwt. 2.77. 

Total cost of angle iron. 
Plates 


2—Pis. J4"x4'-0"x9'-10" 
1—PI. 14"x42"x9'—10" 

1—PL 14"x5'-6l4"xl0'-0" 
1—PI. 14"x4'-2"xll'-0" 

1—PI. y&"x 3"x4'-0" 

6 —Pis. 1"x31/ 2 "x15" 


5/32" F. W. No. 5—6# 
3/16" F. W. No. 7—18# 
5/32" F. W. No. 7—14|4# 


@401.2# cwt. $2.77 
@351# cwt. 2.77. 
@563# cwt. 2.77 
@467.5# cwt. 2.77. 
@1.275# cwt. 2.77. 
@14.885# cwt. 2.77. 

Total cost of plates. 
Welding Rod 


cwt. $6.30. 
cwt. 5.80. 
cwt. 6.30. 


Total cost of welding rod 
Total cost of material 


1 man, 24 hrs. 


Labor 

@$ 1.01 


$ 


TOTAL COST OF MATERIAL AND LABOR. 
Note: All other labor is same as for riveting. 


Total Cost 


$ 7.11 
1.19 


$ 8.30 


$22.30 

9.71 

15.60 

12.94 

.14 

2.47 

$63.16 


.38 

.94 

.90 

$ 2.22 

$73.68 


$24.24 

.$97.92 


COMPARISON 


Total of construction cost by using riveting.$130.03 

Total of construction cost by using Arc Welding . 97.92 

TOTAL COST SAVED BY USING ARC WELDING .. $32.11 


ping makes a rough deck not as safe for trainmen and loaders, as an arc 
welded deck, where overlapping is not necessary and where protruding rivet 
heads are done away with, making a smooth even tank deck. Arc welding, 
as a whole, makes the tank one integral, solid piece, to insure rigidity and 
lessen destruction by vibration. 

Arc welding is safer in the course of construction of these water cars. 
There are four men to a riveting crew, a rivet heater (with his furnace, 
tongs, buckets and water pail), a rivet catcher (with his bucking bars of 
all kinds to get into different places), and a hammer man (with his pneu- 
matic hammer). In the course of riveting, the man that bucks rivets must 
have a wrench, reaming machine, and a hammer handy. A wrench to take 
out bolts, a hammer to drive rivets through holes that fit a little snug and 
a reaming machine to ream out holes that may be too small for the rivets. 
With all these tools, hoses and machines lying here and there it makes 
riveting much more hazardous than arc welding, which takes one man 
with one machine and his welding rods and ball peen hammer. 

During the course of writing this paper these water cars were converted 
into oil cars, by simply adding a suction pump and vent pipes, thereby 
releasing the conventional type tank car for use in defense oil delivery. 

In the course of constructing these water cars arc welding was more 
economical, more efficient, due to increased service life of the cars, safer in 
structure, less hazardous in the course of construction and it speeded up 
production. 





















Chapter VI—Underframes for All Welded Railroad Passenger Cars 

By J. E. Candlin, Jr., and A. M. Unger, 

Assistant Engineer and Plant Engineer, respectively 
Pullman'Standard Car Manufacturing Co., Chicago, Illinois 



J. E. Candlin, Jr. 


Subject Matter: Major considerations in 
the gradually-increasing applications of 
welding to railroad passenger cars are out¬ 
lined “’since 1936.’'' The standard con¬ 
struction for steel passenger cars has been 
the all welded car. Strength calculations 
and a discussion of the fabrication of vari¬ 
ous assemblies follows, including, espe¬ 
cially, the draft sill and the end sill, for 
which steel castings were always formerly 
employed. Cost and weight comparisons 
are made showing substantial savings. 



A. M. Unger 


The American Railroads have been very successful in the handling of 
passengers with comfort and speed for they have always emphasised pas' 
senger safety. The careful design of railway passenger cars is the most 
important reason for the remarkable safety record that has been established. 
Before the era of light weight cars, safety was accomplished by the use of 
excess metal in the construction, but with the introduction of modern 
streamlined trains during the last decade, the premium placed on light 
weight construction would not permit an inefficient design to be used. 

Reduced weight is now very important in the industry, since the rail¬ 
roads have been forced, by competition, to operate at the greatest possible 
efficiency, and the use of light weight equipment allows longer trains and 
higher scheduled speeds. During this last ten year period, many new 
materials have been made available for car construction and new methods 
of fabrication and assembly have been developed. The designer must 
choose the right materials for construction, use the proper amount of mate' 
rial to withstand the forces encountered, and assemble the material by the 
most efficient method. 

Given the proper material, it is not enough to use the correct amount 
without providing sufficient connection between the various parts. Welding 
is the most important gift given the railway car designer for his use in 
producing a light weight steel car. In using this tool he can keep the cost 
of construction as low as possible by eliminating the use of expensive dies 
and machinery. The maintenance costs also are kept low due to the omis' 
sion of lap joints which invite corrosion. He can design a structure that 
is welded into a unit instead of one which is a collection of parts. He can 
build a structure which has the exact properties he desires instead of using 
a rolled or pressed section which is available. As a result, the strength of 
the finished car can be increased when less material is used. 

For many years, all structural parts of a railway passenger car, whether 
of rolled or cast steel, were riveted together. When welding was first intro-' 
duced, it was used only on minor parts that carried no important loads. 
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As welding was developed, it soon proved economical in other parts of the 
car, and today very few noivwelded parts are used. Even these are being 
replaced one by one with welded assemblies. Since 1936, the standard con¬ 
struction for steel passenger cars has been the all-welded car, (See Fig. 1.) 

Specifications and Design—A railway car structure may be divided into 
two principal parts: the superstructure, that portion of the car which is 
above the floor line; and the underframe, that portion below the floor. 
The sides, roof and ends which compose the superstructure of the car 
were previously of riveted construction but are now all welded. For each 
side or end, the framing is all assembled by arc welding the rolled and 
pressed members together into a framework. All the sheets are arc welded 
together to form a covering for the framework. This large covering sheet 
is then spotwelded to the framework to form a finished side or end. 

Welding has also replaced riveting in the underframe. The underframe 
is made up of many parts, the principal member being the "backbone” com¬ 
prising the "centersill” and the extending portion of it which is called the 
u draft siir\ 

The latest item on the car to be changed to an arc welded design was 
the draft sill structure. The underframe must be designed to support the 
floor loads as well as the forces from adjacent cars which are continually 
pushing and pulling while the train is in operation. The design of the 
draft sill is a very important problem because of the high stresses involved 
and because the draft sill is subject to high impact and fatigue. 

The need for a strong center sill construction always has been apparent 
and was recognised by the government in 1912 when the postoffice depart¬ 
ment approved the first "General Specification for the Construction of Steel 
Railway Post Office Cars”. This document was the first general specification 
for construction of steel railway passenger cars and has been revised five 
times in a period of 26 years. The last revision was made in 1938. Al¬ 
though no general specification such as this was adopted by the Association 
of American Railroads during this period, the Post Office Specification was 
followed by the leaders in the car-building industry for the construction of 
all cars whether they were to cany mail or not. It was assumed, of course, 
that the protection of passengers was as important as the protection of mail 



Fig. 1. Modern all welded steel passenger car. 
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Fig-. 2. Attached cast draft sill to center sill. 


and mail clerks. Moreover, definite advantages could be claimed by making 
all cars in a train of equal strength. 

With the above thoughts in mind, and in an effort to compel all rail' 
roads and car builders to build cars that would provide maximum safety, 
the Association of American Railroads adopted as recommended practice, in 
the latter part of 1939, “Specification for the Construction of New Pas' 
senger Equipment Cars 1 ’. This specification was written to cover all cars 
operating in passenger trains, whether mail, express, baggage, or for pas' 
sengers only, and, because it was by far a more rigid specification than that 
of the Post Office Department, this new set of rules was destined to affect 
the entire building industry. 

For many years, previous to the adoption by the A.A.R. of their first 
code covering construction of passenger cars, welding was not generally 
used in the industry and the railroads had a choice, for the important draft 
sill, of using a construction of rolled steel in riveted form, or a huge steel 
casting. The riveted structure, while considerably lighter and less expensive 
than the casting, was of ample strength to meet the then existing rules for 
construction. Experience in operating cars over a long period has shown 
the riveted type of construction to be well engineered for passenger safety. 
The cast draft sill was, of necessity, penalised in weight and cost because it 
was impossible to make a casting with very thin walls. The additional 
metal used was also necessary because of the allowance that must be made 
for porosity in a casting. (The A.A.R. specifications state that the allowable 
tensile stress of cast metal shall be limited to SO per cent of that allowed 
for rolled metals.) 

Just before the new A.A.R. rules took effect, some welding was used in 
the draft sill but this was limited to attachment of castings to rolled sections 
and plates. The engineer designed the center sill to run all the way to the 
end of the car and supplemented it with a few steel castings. In this way 
the draft sill became an integral part of the center sill. This was possible 
because at that time a buffing device was used to relieve the coupler of a 
portion of the buffing load. 

After the adoption of the A.A.R. specification which provides for the 
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use of tight locking couplers without a buffing device, it was necessary to 
add great strength to the draft sill which addition would probably double 
the weight of this member. This large addition in weight allowed the 
cast construction to compete on an equal basis with the riveted construe" 
tion: in fact, the engineer found it difficult to provide sufficient rivets to 
meet the required strength. The steel casting, although heavier, could 
easily be made to comply with the new requirements and was used on 
several of the succeeding designs, (See Figs. 2 and 3). 

After an analysis of various types of construction and materials, it 
became evident that welded assemblies would provide outstanding ad van" 
tages and that an entirely arc welded draft sill could be designed, which 
would be stronger, lighter, and less expensive than either a riveted or cast 
sill. The introduction of the modern low alloy, high tensile steel 
the welded draft sill a much 

0 f due to use 

shows 

A.A.R. Specifications —-Since the A.A.R. specifications are new to many 
men in the business, the following will serve to explain briefly, the main 
points to be considered. The strength requirements for the draft sill can 
be summarised as follows. 

1. The draft sill should stand a horizontal load of 800,000 pounds ap" 
plied at the rear stops on line with the center of the coupler without 
permanent deformation. This force represents the maximum load on the 
coupler. (This load is actually applied in a “squeeze test” which is spom 
sored by the Association; this test to be made on all new designs.) 

2. It should resist a horizontal load of 500,000 pounds applied on its 



Fig. 3. Completed underframe with cast draft sill. 
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extreme end at a point 12 inches above the coupler line. This portion of 
the sill is called the “center end sill”. This force represents the maximum 
load on a “buffing device” that is sometimes used at this location. 

3. The center end sill should resist an upward thrust of 100,000 pounds 
at any position the coupler may take. The center end sill is made to 
extend almost to the centerline of pulling face of the coupler so that a 
conventional coupler on the adjoining car cannot slide vertically upward 
to disengage. This arrangement meets the anti-climbing requirements of 
the specification. 

4. The coupler carrier should stand a vertical downward load of 100,000 
pounds applied at any coupler position. The carrier is actually spring 
suspended but the member just below it may be made to meet this rule. 

5. The body centerplate should be attached so as to resist a force of 
250,000 pounds applied in any direction. This represents the force that 
should be set up by the truck in resisting telescoping of the cars. 

6. Each main vertical end post should be of sufficient shear area and 
should be attached to the end sill so as to resist a horizontal load of 300,000 
pounds. These posts are anti-telescoping members and together they afford 
a resistance of 600,000 pounds. 

Referring to items 1, 2, and 6, above, it is evident that the draft sill 
must be designed to stand a load of approximately 800,000 pounds applied 
on its end in almost any position. This accounts for the serious addition in 
weight over the old designs where this force was applied at one point only. 

7. All vertical reactions due to any of the above forces or moments 
may be resisted by the bolster. 

Method of Calculating —For the first two parts of the specification (in 
1 and 2 above), it was found, on very careful analysis, that the following 
method of calculation would apply: 

Let F = Fibrestress at extreme fibre of section. 

St = Section modulus at top of section. 

Sb = Section modulus at bottom of section. 

S = Minimum section modulus. 

A = Area of section. 

The stress at any section due to the load of 500,000 pounds applied 
12 inches above centerline of coupler 


„ 500,000 . 500,000 Y 

F A~+-Si- 

The stress at any section between the centerline of bolster and rear 
draft lug due to the load of 800,000 pounds applied at the rear draft lug 


F - 


800,000 


800,000 X 
Sb 


A 
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The stress at any section between the rear draft lug and the centerline 
of end post due to the 800,000 pound load 

„ _ 800,000 Z 


The above formulas, when used so as to give stresses below the yield 
point of the material by sufficient margin for safety in the so-called 
"squeeze test” referred to previously, will give the plate thickness necessary 
to form a satisfactory draft sill. Of course, detailed study must be made 
of the following points: 

(a) The center of gravity of the centersill should lie in approximately 
the same horizontal plane as the center of gravity of the draft sill so that 
no moments will be set up at the splice between these two members. 
Where no eccentricity exists at the splice, the bending moment in the sill 
at the bolster is very low because of the great stiffness of the draft sill. 
This small moment can be ignored. 

(b) The draft lugs should be checked carefully to make sure that they 
are backed up by sufficient ribbing so that no upsetting will occur in the 
ribs. This will prevent failure of the weld between the lug face and the 
draft sill web. 



Fig. 4. Welded draft sill. 


(c) Due to the fact that the load is applied on the draft lug face over 
an area whose center lies about one inch from the center of the web which 
must ultimately take this load, a horizontal rotating moment will be present. 
This moment must be resisted in part by the top plate of the draft sill, 
partly by the bottom flange and horizontal ribbing on the web, and partly 
by the draft gear carrier which is bolted to the bottom of the draft sill 
under the draft gear. 

(d) It is important to investigate the “center end sill” to make sure 
that there is enough resistance at that point to develop 500,000 pounds 
and that the attachment of the buffer beam to the webs and top plate of 
the draft sill will transfer this force into the draft sill. 

(e) The center end sill should be checked for strength to resist the 
force of 100,000 pounds upward at both points. 

(f) The coupler carrier should be checked for a force of 100,000 pounds 
downward at any coupler position. 

(g) The entire job should be calculated carefully to make sure that 
the small details are adequate and that the welds are properly specified. 

Several "squeeze tests” have been made on welded cars having welded 
draft sills designed in this way. These tests were made at the Altoona 
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Shops of the Pennsylvania Railroad. During one of these tests, strain 
gauges were applied to the various parts of the car, particularly the draft 
sill. It was found that the stresses in the draft sill followed very closely 
the calculated stresses and that all stresses were well below the yield strength 
of the material. Furthermore, at least 1000 draft sills that were calculated 
in this way, have been constructed and not a single service failure has 
appeared. With one exception, all of the cars built since the design of this 
type of draft sill have used the welded type. It has been used on aluminum 
cars as well. This experience with welded draft sills proves beyond a doubt 
that, for equal weight, no other construction could be used to give greater 
safety or lower cost. 



Fig. 5. Complete welded underframe. 


Details of Construction—The all welded draft sill is principally of a 
box section comprising two vertical web members each %e "inch thick, a 
top plate ]/ 4 -inch thick, and a bottom plate J/ 2 "inch thick. It is spliced to 
the centersill with a butt weld and reinforcing plates at top and bottom as 
shown just to the left of the bolster. The entire weight of the car body 
is carried to the truck at the center of the bolster where a “center filler’ 
is used. The centersill is made by welding the toe of a rolled angle to the 
stem of a rolled tee to form a “J” section and it is supported on the load" 
carrying sides at approximately 8<foot 6dnch centers by the “crossbearers” 
which are welded Tsections built up from plate to form a tapered beam. 
Fig. 5 shows the complete welded underframe. The bolster is a double 
webbed welded member which carries the entire body weight to the center" 
filler. All cross members are welded to the side sill and centersill. The 
centerfiller, which previously has been a casting, was plug-welded to the 
webs of the centersill. 

A new welded centerfiller, (See Figs. 6 and 7), has lately been applied 
to one new passenger car for trial and after being proved successful, is to 
be incorporated in future cars as standard practice. The welded centerfiller 
saves a large percentage of weight since the cross ribs are welded directly 
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to the centersill, eliminating the entire side webs of the cast type. The 
“centerplate” which is the swivel bearing to the truck is riveted in place 
because it must be removed when wear takes place. The centerfiller and 
centerplate are interlocked as a safety measure in case the rivets are sheared 
by the force^of 250,000 pounds referred to in item 5 under “A.A.R. 
Specifications'”. 

The center lug which is a small steel casting must take most of the thrust 
from the coupler. It is cast with two legs which project through holes in 
the web of the sill to which they are welded. These legs are in turn welded 
to longitudinal ribbing which distribute the twisting moment described 
in item (c) under Ivlethod of Calculating”. Elimination of this casting 
and substitution with an arc welded steel lug is being considered at the 
present time because of the uncertainty connected with the use of a casting. 

Directly below the draft lugs, the draft gear carrier is bolted to the 
bottom of the draft sill. This piece serves to support the draft gear and 
coupler tail knuckle (which must be removed periodically) but at the same 
time the carrier ties the lower flanges of the sill together to resist spreading, 
closing or twisting, in case of a severe blow on the coupler. 

Before the end of. 1939, steel castings were always used for the center 
filler, draft lug housings, and center end sills. The center end sill now used 
is entirely arc welded from plates and rolled channels. The vertical end 
posts are attached to the vertical portion of the end sill by welding through 
slots as well as by two fillet welds about two feet in length. The end posts 
are a rolled CB section, but, because the web of this section does not 
have sufficient area to meet the rules, the web is burned out and a thicker 
one welded in for a height of about three feet above the end sill. 

Welding of Draft Sill —Fabrication of the welded draft sill is begun 
with subassembly of the web plates. In this subassembly operation the 
draft lugs are located in the proper position on the web plates by means 
of a locating jig. The parts are tacked together in this jig; the she of the 
tacks .being sufficient to hold the draft lug parts in their proper location 
after removal from the jig for welding. The plates are removed from the 



6, (left). Sub-assembly of welded center filler. Fig. 7. (right). Welded center filler 

applied to draft sill. 
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jig for welding because the parts to be welded are then more accessible 
and the part is easily positioned manually by the welder for downhand 
welding. 

The draft lugs transmit the entire buffing load of the draft gear into 
the draft sill and then to the center sill. This load is often suddenly ap¬ 
plied and the lug attachment must withstand these impacts. The lugs are 
attached to the web with a double J-weld giving full penetration. 

Upon completion of the draft lug welding, the web plates are assembled 
in a jig. The bottom flange plate, stiffener plates, and bolster center filler 
are added in this jig. All the parts are tack welded together and the 
assembly then taken out of the jig so that it can more easily be positioned 
for welding. 

Positioning of the assembly is accomplished by attaching two circular 
rings. The draft sill is easily rolled on these rings to position the welding 
by the welder himself. When the welding is complete, the rings are re' 
moved and the top cover plate welded in place, after which the draft sill 
is attached to the center sill by means of a butt weld. The completed 
center sill is shown in Fig. 8. 

Welding of End Sill—The center end sill, which was formerly part of 
the draft sill casting, and later a separate casting, is now made up entirely 
from plates and rolled structural members. Some of the plates are hot 
pressed to form parts of the end sill. These are first tacked together in 
assembly jigs and then positioned for final welding in special manipulators. 

The structural channel members that stiffen the interior of the end sill 
are fillet welded to the bottom plate and plug welded to the top cover plate. 

Positioning of the end sill, as with the draft sill, is best done with 
custom built positioners. The cost of these positioners is low and they serve 
very satisfactorily. The parts are turned manually and held in position by 
a pin acting in holes in a disc which is mounted on the supporting shaft. 


Assembly Into Underframe —The draft sill and center end sill are not 
joined together until they are assembled in the underframe jig. The draft 
sill is first welded to the center sill. This center sill assembly is welded 
to the center end sill by means of butt welds. 


Savings In Cost and Weight 



Draft Sills 
and | 

End Sills 

Draft Gear 
Carrier 

Center 

Filler 

Total 

Cost of Casting. 

$1,524.80 

$30.24 

$56.58 

$1,61162 

Cost of Weldment. 

792.02 

23.14 

14.66 

829.82 

Saving by Welding... 

732.78 

7.10 

41.92 

781.80 

% Cost Savings... 

48% 

23% 

74% 

49% 

Weight of Casting. 

6,395 lbs. 

308 lbs. 

560 lbs. 

7,263 lbs. 

Weight of Weldment... 

4,324 lbs. 

286 lbs. 

104 lbs. 

4,714 lbs. 

Saving by Welding.... 

2,071 lbs. 

22 lbs. 

456 lbs. 

2,549 lbs. 

% Weight Savings. 

32% 

7% 

81% 

35% 
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Fig. 8. Center sills and draft sills assembled. 


During 1941, 228 cars were built in our shop. With a savings of $781.80 
and weight reduction of 2,549 pounds per car from the use of the above 
welded parts, the yearly savings would be $178,250.40 and a savings of over 
290 tons of steel. 

There were 548 passenger cars constructed in the United States during 
1941 for domestic use. If the welded draft sill parts had been substituted 
for castings on each of these cars, the cost difference would have been 
$428,426.40 and the weight difference would have been 700 tons. 

Reductions in cost and weight of from one^third to onedialf is the prime 
reason that continuance of the arc welding process is assured. 





Chapter VII—Arc Welded Suspension for Air Conditioning 

System 


By John F. Muller and Gonzalo C. Munoz, 

Sales Engineer and Secretary'Treasurer, respectively, 
The American Pulley Company, Philadelphia, Pa. 



John F. Muller 


Subject Matter: Study of the best method 
of suspending the compressor of a railroad 
car air-conditioning system. Cast iron was 
first considered and discarded because of 
the possibility of hidden defects and space 
limitations. Cast steel was prohibitive on 
account of its cost. Detailed accounts of 
the design of both arc welded and riveted 
compressor suspensions, together with a 
close stress analysis of the frame, are 
given. Elaborate weight and cost data on 
both systems indicate the advantages of 
arc welding, savings in amount of $17.11 
per unit and hence, $51,3 30 per 3000 
cars per annum being figured. 



Gonzalo C. Munoz 


Introduction—Any man of 60 can remember the old wooden railway 
passenger cars of his boyhood days, full of smoke and dust from the opened 
windows in summer, cold or overheated in winter; and lighted most inadequate¬ 
ly from gas tanks under the car. They were not safe and they certainly were 
not comfortable. 

In the early days of railroading, passenger trains ran only by day and did 
not require artificial lighting. As the railroad system was extended, night 
travel came into vogue, and the old stage-coach custom of the passengers 
bringing their own candles was extended to the passenger railway car. Later 
candles were provided by the railroads and protected by glass shields. In 1850 
oil lamps were introduced and were later superseded by gas which was quite 
generally in use in the 1890s. 

Experiments in electric lighting were first undertaken in the early 1880's 
and from this beginning countless electrical improvements have continued to 
the present time. The air brake was another important improvement which 
added immensely to the safety and comfort of passenger travel, as was the 
automatic coupler which supplanted the old inefficient link-and-pin, the cause 
of so many accidents among the train crew. In the early days, passenger cars 
were heated with stoves, and later by hot water heaters, until finally in 1903 
the modern vapor heating was introduced. The .first all-steel passenger coach 
was built in 1906, and today the old-fashioned wooden coach is seldom seen 
on our great trunk lines. The stream-lined train is a more recent development 
and the first successful one of this type was operated as recently as 1934. 

Air conditioning of passenger cars began as “air cooling 11 in 1884, when 
the Baltimore and Ohio Railroad equipped a passenger car with an ice cooling 
system. In 1929, the same railroad successfully tested mechanical air condi¬ 
tioning in a passenger coach, and a year later put in operation the first 
mechanical air conditioned passenger train. From that date on progress 
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Fig. X. Arc welded compressor suspension with compressor and motor in place. 

throughout the country was rapid, and today there are approximately 12,800 
air conditioned passenger cars in service in the country, and in which we can 
cross our western desert during a sand storm with the temperature at 115 
degrees and sit in perfect comfort in a well-ventilated and air-conditioned car. 
We have come a long way since the early attempts at air cooling to the modern 
air conditioned car which filters the air, removes excess humidity, and cools 
it to a comfortable temperature. 


Fig. 2. Modem passenger car equipped with step-modulated air conditioning. 
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Step-Modulated Air Conditioning—The latest development in air-condi¬ 
tioning as applied to railway passenger cars is the “Lundy Continuous Control 
Air Conditioning System”. It has recently been applied to twenty-five cars 
of one of our largest eastern trunk lines and fifty-five additional installations 
are now on order. 

It is distinguished particularly by its use of a three-cylinder radial com¬ 
pressor which automatically operates on one, two or three cylinders, depending 
upon the demand for refrigeration. Complete on and off cycling is avoided 
and dehumidification is continuous. The evaporator is divided into two parts, 
a 45 per cent section operating at light loads, the full evaporator being in 
service when the cooling load is heavy. This causes the coils to operate always 



at a low temperature, thus ensuring a constant removal of moisture from the 
air. The condensor and compressor are applied as separate units to ensure 
adequate cooling of each, and to facilitate their placement under the railway 
passenger car. The refrigerant used is “Freon”. The compressor of this 
system is driven at a constant speed by a 10 horsepower 72 volts direct current 
motor, through a multiple V-belt drive. 

A study of the best method of suspending this compressor and its motor 
resulted in the development of the arc welded compressor suspension for 
railway passenger cars, which is the subject of this thesis, illustrated in Figs. 
1 and 2. 

The Purpose of the Arc Welded Compressor Suspension—The purpose 
of the arc welded compressor suspension is to support the motor and compressor 
of the air conditioning unit under a railway passenger car frame, with provi¬ 
sion for alignment of the motor pulley, for easy adjustment of belts to the 
proper tension, and for quick removal of the motor or the compressor for 
servicing. 
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Designs Considered.—Four types of construction were considered for the 
design of the compressor suspension. Cast iron was discussed but eliminated as 
it was not acceptable to the railroad engineers, due to the danger of hidden- 
defects and to the limited space available for the installation. Cast steel was 
acceptable but was found to be too expensive. Riveted structural sections and 
arc welded structural sections were considered, and cost estimates were made 
resulting in the selection of the arc welded design. 


Fig. 4. General assembly of are welded compressor suspension. 
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Description o£ the Arc ^Welded Compressor Suspension—The suspen- 
sion consists of an arc welded monolithic angle iron upper frame, 281/2 inches 
wide x 5 3 1 /2 inches long, as shown in detail in Fig. 3, which is bolted to the 
under-structure of the railway passenger car. Due to the fact that the railroad 
engineers were very emphatic in their desire to have all connections of a posi¬ 
tive nature, the frame was designed to rest on top of and be bolted to the under¬ 
structure of the railway passenger car with %-inch bolts, as in Fig. 4, which 
shows the three angles of the car under-structure in dotted lines. 

One of the interior angles of the frame, Part No. 24, shown on Fig. 3, is 
bolted to the monolithic frame in order to more readily remove or replace the 
compressor, the feet of which rest on the upper side of angle irons, Parts Nos. 
1 and 24, thus providing ready removal or replacement of this unit for purposes 
of servicing. 

The 10 -horsepower motor driving the compressor through a multiple V-belt 
drive is suspended on a pivoted base which is supported on the horizontal legs 
of angle irons, Parts Nos. 2 and 20 , (See Fig. 4). This pivoted base consists 
of four motor arms. Parts Nos. 3, (See Fig. 4), the outer two of which are 
bolted to the frame, described immediately above, and have bushed bearings, 
Parts Nos. 10 and 11 , welded to the inside of their semi-circular formed sec¬ 
tions, (See Fig. 5 ). A piece of launch diameter case-hardened cold rolled 
steel, supported by these two bearings, acts as the pivot for the motor. The 
two interior motor arms, parts marked No. 3, rest on the pivot rod through 
similar bearings and form the supports for the four legs of the motor. 

The motor arm. Part No. 3, nearest the outer edge of the passenger car 
has welded to one end a tension rod pivot block, Part No. 7, to which is 
attached the adjustable tension rod. Part No. 5. The threaded lower end of 
this rod passes through a hole in the motor clip. Part No. 4. An examination 
of this part on Fig. 4 , shows that by tightening this bolt the motor is caused 
to rotate around the pivot increasing the center distance between the motor 
pulley and the driven pulley on the compressor thereby tightening the belt. 
It is obvious therefore that through this device a service man may adjust the 



Fig. 5. Pivoted motor arm. 
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belt on this drive to the proper tension in a matter of a few seconds while the 
railway passenger car is stopped at a station. 

The motor may be quickly removed for servicing by withdrawing the 
motor support pivot rod cotter pin, Part No. 16; withdrawing the motor 
support pivot rod. Part No. 14; lowering the motor (to which two of the 
motor arms are attached) on to a dolly previously placed underneath; and 
removing the motor to the repair shop. The serviced or new motor may be 
replaced by carrying out the above operations in reverse order. 

The three cross angle irons. Parts Nos. 21, 22 and 23, of the upper frame 
are designed to rest on the horizontal legs of the longitudinal angles, Parts 
Nos. 1 and 2, and be securely arc welded together to meet the requirements of 
positive connections insisted on by the railroad engineers. The six 7/gunch 
bolts fastening the upper frame of the suspension to the underframe of the 
passenger car pass through tubular rubber mountings. The function of these 
mountings is to absorb the tremendous shock existing in all railroad rolling 
equipment, and also to prevent vibrations caused by the operation of the 
compressor from being carried into the body of the railway passenger car. 
Fig. 4 shows slotted holes in Parts Nos. 2 and 20. These are for the four 
bolts fastening the motor arms. Parts Nos. 3, to the upper frame, and provide 
adjustment for belt alignment between the motor and the compressor. 

Table I gives a complete parts list of the arc welded design. 


TABLE I—PARTS LIST, ARC WELDED DESIGN 


Part No. Description 


Number Required 


1 Main Frame Angle (Compressor side) . 

2 Main Frame Angle (Motor support side) . 

3 Motor Arms . 

4 Motor Clip . 

5 Adjustable Tension Rod . 

6 Tension Rod Pivot Pin . 

7 Tension Rod Pivot Block . 

8 Lord Bushing $JL3 3 2 . 

9 Lord Bushing #FL9002 ... 

10 SupenOilite Bearings #ST7*01'S . 

11 Bearing Retainer 2 J/ 2 " diameter x W/i” long C.R.S. 

12 2" Pipe Spacer . 

13 Motor Support Pivot Rod End Cap .-. 

14 Motor Support Pivot Rod . 

15 Motor Support Pivot Rod Washer . 

16 Motor Support Pivot Rod Cotter Pin . 

17 Filler Block 5/16" x 2" x 3" H.R.S. 

18 Gusset Plate . 

19 Motor Arm Spacer Blocks 54" x y 8 " * 3 ]/ 2 ” H.R.S. 

20 Intermediate Angle, Motor Arm Support . 

21 Motor End Cross Angle 5/16" x 2" x 2 J/ 2 " x 271/4" angle . 

22 Intermediate Cross Angle 5/16" x 2" x T^/i" x 27]/4" angle . 

23 Compressor End Cross Angle 5/16" x 2" x 2 1 / 2 " x 2714-" angle .. 

24 Intermediate Compressor Angle 5/16" x 2" x 3" x 25%" angle . 

25 Compressor Spacer Blocks Y 8 ” x 2" x 2 J/ 2 " H.R.S. 

26 Tension Rod Pivot Pin Washer. 

27 Tension Rod Pivot Pin Cotter Pin . 

28 54" x 2" bolts and nuts with lock washers . 

29 x 3 J/ 2 " HLTensile bolts and nuts .. 

30 y 8 " Tension rod nuts . 

31 Y 8 " x 4" Frame bolts and nuts . 

32 y 4 " x 2" x 2" Spacer Blocks H.R.S. v . 

33 yy x 2" x 2" tapered washers, malleable iron . 

34 54" X 21 / 2 " bolts and nuts with lock washers . . 


1 

1 

4 

1 

1 

1 

1 

4 

2 

8 

4 

1 

1 

1 

1 

1 

1 

1 

4 

1 

1 

1 
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Description of Riveted Compressor Suspension—In all essential funo 
tions the riveted design, is similar to the arc welded design. All connections 
between members of the upper frame are riveted with the exception of Part No. 
24 which is bolted to the main frame. The principal weakness of this riveted 
design is the loss of the monolithic construction obtained through arc welding. 

The three motor arms, Parts No. 3, and the tension rod pivot block, Part 
No. 7, are machined to shape from a solid block of steel and are bolted securely 
to either the upper frame or the motor feet. The connections to the under' 
frame of the railway passenger car are similar to the connections described 
under the arc welded design. 

Table II gives a complete parts list of the riveted compressor suspension. 


TABLE IX—PARTS LIST, RIVETED DESIGN 


Part No. Description Number Required 


1 Main Frame Angle (Compressor side) . 1 

2 Main Frame Angle (Motor Support side) . \ 

3 Motor Arms . 3 

4 Motor Clip . 1 

5 Adj. Tension Rod . 1 

6 Tension Rod Pivot Pin . 1 

7 Tension Rod Pivot Block .-. 1 

8 Lord Bushing $J'332 . 4 

9 Lord Bushing $H>9002 . 2 

10 Super Oilite Bearings #S'170DS . 8 

11 Not used (Part of No. 3) . 

12 2" Pipe Spacer . 1 

13 Not used (Part of No. 14) . 

14 Motor Support Pivot Rod and Cap . 1 

15 Motor Support Pivot Rod Washer . 1 

16 Motor Support Pivot Rod Cotter Pin . 1 

17 Intermediate Support Angle . 1 

18 Gusset Plate . 1 

19 Not used (Part of No. 20) . 

20 Intermediate Motor Support .. 1 

21 Motor End Cross Angle 5/16" x 2" x 2 l A" x 271/4," . 1 

22 Intermediate Cross Angle 5/1 6" x 2" x 2Yi" x 21 Ya” . 1 

23 Compressor End Cross Angle 5/16" x 2" x 2 Yl' x 21 Ya” . 1 

24 Intermediate Compressor Angle 5/16" x 2" x 3" x 25 Ya" . 1 

25 Compressor Spacer Blocks Ys" x 2" x 2Yz” . - 

26 Tension Rod Pivot Pin Washer . 1 

27 Tension Rod Pivot Pin Cotter Pin . 1 

28 Ya" x 2" bolts, nuts and lock washers . 2 

29 Ya" x 3 Zi " Hi-Tensile bolts and nuts . 8 

30 Y&” Tension rod nuts . 3 

31 Y&” x 4" Frame bolts and nuts . 6 

32 Ya" x 2 " x 2" Spacer blocks . 4 

33 Vs" x 2" x 2" Tapered Washer . 4 

34 Ya" x 2 J/ 2 " Bolts and Nuts . 4 

35 Yl" x 1” Button head rivets . 38 


Determination of Stresses in the Arc Welded Compressor Suspension— 
Railroad engineers are extremely cautious in the design of every detail con-' 
nected with a railway passenger car. It was therefore necessary to study 
every feature of the design of the compressor suspension, due to the fact that 
a failure in one of its members, or in the connection between the suspension 
and the equipment fastened thereto might result in a serious railroad accident. 
Liberal factors of safety were used throughout. 

The following stress calculations were made to ensure that all members 
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and all connections Had ample factors of safety to withstand the loads that 
they are intended to carry while in operation: 

(a) One member in which the stresses must be considered is the inter" 
mediate cross angle piece No. 22. The deflection of this member is determined 
by considering it as a beam fixed at both ends with concentrated load not at 
the center. 

The origin of coordinates is taken at Point Y. The moment at any point on 
the left portion of the beam is — 

Ma " tt 

and that at any point on the right portion is 

Pbx 

Mb =~ — P(x— a) 


For the left portion of the beam— For the right portion of the beam- 

a) 


El d2y 
P dx 2 


bx 

T 


EI d 2 y __ bx . 

"Pd^-T”^ 


E! dy - bx 2 + c 


P dx 


2L 


Elydy = bx 2 
P dx 2L 


(x — a) 2 


— Co 


EI bx 3 r v /-» 

T y =^L+C 1 X-C 3 


EI 


-y = 


6L 


At the left end y = O, X = O, therefore C 3 = O. 

The deflection under load for both portions is the same, 


ba 3 ^ ba 3 

c 4 = o 


(a — a) 2 


- Ci a T C4 


For the right portion of the beam y O where X — L 

r\ — j_ r„ r. 


b 2 bL 
Cl ~6L 


The equation for the elastic curve for the left portion is. 


EI 


-y 


and if X — A 


bx 3 

~6L 


Yp = 


bLx b3_X 
6 + 6L 


Pa 2 b 2 


3EIL 


The slope equation for the left portion of the beam becomes, 


EI dy 
P dx 


bx 2 b 3 
2L + 6L 


6L 

" 6 
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Since the slope equals sero at the point which has a maximum deflection: 


O 


bx 2 


bs 


bL 


Then X 

(X varies from 0.5L to 0.577L as b varies from to zero). 

Use this value of X in the equation for the elastic curve and the maximum de* 
flection Y is: 


Maximum Y • (L 2 — b 2 ) V 3 (L 2 — b 2 ) 

Deflection at the middle is given by: 

Yc _ ( l ° 

1C El l 

Y = Deflection in inches 

p = 850 lbs. ( V 2 wt. of motor + wt. of compressor) 

b = 5%" 

A - 17M" 

E = 30,000,000 lbs./sq. in. 

I = .45 

L = 23 %" 

_ 850 X 5.682 /2.3.183 2 5-682K 

Y “ 30,000,000 X .45 V 16 12 / 

Y = — .0141" (deflection) 

The maximum span = 360 X deflection: 

Max. span __ 

360 “ 

= deflection — .0638 * 

Therefore the " angle will withstand a safe load of 

X 850 = 3845 lbs. 

This gives a factor of 4.52 over the maximum allowable deflection for the span 
in question. 

(b) The joining of Part No. 20 to Part No. 22 is made by a butt weld, further 
strengthened by means of gusset plate No. 18. One quarter inch fillet welds 
are used on all joints, welds being made with diameter electrode, using a 
300"ampere arc welder. 

(c) Welding of tension rod pivot blocks to motor arm. 

The forces to be considered at this point are: 

W = Motor weight — 650 lbs. 

Wi = Motor pulley weight —50 lbs. 

Tx — Tight side belt tension. 

T 2 = Slack side belt tension. 

P = Tension in adjustable tension rod. 
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Taking Moments about Motor Base Pivot: 

(1) P X 8" + M X O = T t X 10M" 

Determine Tx as follows: 

(2) Belt speed = .262 X 5-6 X 1760 R.PM. = 2580 ft. per min. 

t" _ 33,000 X 10H.P. 

(3) Ex = Ti — T 2 - fr — = 128 lbs. 

Where Et — effective tension 


(4) ^ == 4-0 for V belt 
12 

Ti = 4T 2 
Substitute in (3) 

Ti — T 2 = 4T 2 — T 2 — 3T 2 = 128 lbs. 

T 2 = = 42.7 lbs. 

Tj = 4T 2 = 4 X 42.7 = 170.8 lbs. 

(5) Ti + T 2 = Total tension Tt == 170.8 lbs. + 42.7 lbs. = 213-5 lbs. 
Substitute in (1) 

PX8 —MXO =TtX 10% = 213-5 X 10% = 2295 in lbs. 
p = ^p. = 287 lbs. 

O 


The tension rod pivot block is 2 l / 2 inches wide and is to be welded to 
the motor arm by J/4 finch fillet weld by the shielded arc process. One half'inch 
of this will be required for starting the weld, leaving a length of 2 inches of 
weld at top and bottom, or a total of 4 inches. 

One lineal inch of J /4 finch fillet weld by shielded arc process has a safe 
allowable stress of 2500 pounds in shear. 

Using a factor of safety of 10 due to vibration and shock set up in railway 
car equipment, each lineal inch would then have a safe allowable stress of 
250 pounds. 

4 inches of finch fillet weld = 4 x 250 or 1000 pounds. 

The tension on the weld figured in (5) above is 2S7 pounds, thereby giving 
an additional factor of 1000/287 or 3.5. 

(d) Welding of cross angles to main angles at the compressor end of the 
suspension. 

Two forces must be considered in the members at the compressor end, the 
weight of the compressor, which is 900 pounds, plus its flywheel weighing 100 
pounds, and the pull of the belt which is figured above in (5) as 287 pounds. 
The former force acts vertically downward, while the latter acts horizontally. 


The four corners must resist turning moments equivalent to 22 inches X 
287 pounds — 6314 inch pounds and also hold the compressor weight of 1000 

, 1000 

pounds or —-— = 250 pounds per joint. 

Length of %finch fillet weld required: 


S X 10.5 = 


6314 


S = = 150 lbs. X 10 (shock factor) = 1500 lbs. 


42.0 
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One lineal inch of fillet weld 2500 lbs. 


~ = *6 inches of weld per joint. 

2500 r J 

Using a rigidity factor of 5 

5 X .6 = 3.0" of weld required per joint. 

In making the welds at these joints J/^dnch electrode were used with a 
current of 190 amperes, a voltage of 30, a welding speed of 30 feet per hour, 
and it is estimated that .2"pound of electrode were used per foot. Only one 
pass was required for each fillet, all welds being made in the flat position. 


(E) Strength of motor and compressor bolts 

Bolts used are parts No. 29 — M x 3 ;/ high tensile bolts —110,000 lbs. per 
square inch. Area at root of threads = .311 square inch. 

1 bolt = .311 X 110,000 lbs./sq. in. = 34,210 lbs.^ 

Max. load per bolt = 150 lbs. in shear + 250 lbs. in tension (from above). 
Max. load per bolt = \/(l50 lbs.) 2 + (250 lbs.) 2 — 291 lbs. 

Factor of safety per bolt = ~^ Q . - 117 which factor is far in excess of the 


shock safety factor required for safe railroad operation. 

The tensile strength and bolt dimensions were specified by the railroad 
engineers. 


Cost Estimate of Arc Welded Design Compressor Suspension—The 

initial order for these units was for a trial Step "Modulated air conditioning 
installation on twenty "five passenger cars, and therefore our preliminary 
estimate is based on this small number (25 units). There is shown in Table 
III a cost estimate of the complete assembled arc welded unit: 


TABLE III—COST PER UNIT, ARC WELDED DESIGN, 25 UNITS 

Total Shop Cost 25 Arc Welded Units .$1161.73 

Shop Cost per Arc Welded Compressor Suspension When Made in Quantity 

of 25 . 46.47 

Gross Weight of Material in 25 Arc Welded Units .4900 lbs. 

Gross Weight of Material per Arc Welded Unit when made in Quantities of 25 196 lbs. 


Through correspondence with the Association of American Railways, 
Washington, D. C., it has been ascertained that there are today approximately 
47,000 railway passenger cars, including Pullman cars, in the United States, 
and approximately 6000 in Canada, making a total in the two countries of 
approximately 53,000. As all of these cars with the exception of the 87 cars 
now being equipped with step "modulated air conditioning are potential users 
of this improved system, and as inquiries as high as the equipment for 400 cars 
for one customer have recently been under discussion, it appears that within 
the near future it will be possible to manufacture these units in lots of 1000. 
It also appears to be conservative accounting to amortize the cost of the 
special dies, jigs and fixtures over a lot of 3000 units. For the above reasons 
the cost estimate of the arc welded compressor suspension manufactured in 
quantity lots is based on lots of 1000, and the amortisation of the tools, jigs 
and fixtures over a total of 3000 units. 

Table IV gives cost per unit based on 1000 units. 
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T ABLE IV—COST PER UNIT, ARC W ELDED DESIGN, 1000 UNITS 

Total estimated shop cost 1000 arc welded units .$27 897.65 

Shop cost per arc welded compressor suspension when made in quantities 

of 1000 .-. 27.90 

Gross weight of materials 1000 arc welded units .184,600 lbs. 

Gross weight of materials per arc welded unit when made in quantities of 

100° .. 184.6 lbs. 


Cost Estimate of Riveted Compressor Suspension:—There is shown in 
Table V the cost of the complete assembled riveted unit. 


TABLE V—COST PER UNIT, RIVETED DESIGN, 25 UNITS 


Total estimated shop cost of 25 riveted units.$1,801.00 

Estimated shop cost per riveted unit when made in quantities of 25. * 72^04 

Gross weight of material in 25 riveted units .8,455 lbs. 

Gross weight of material per riveted unit when made in quantities of 25. 338 lbs. 


Table VI gives cost per unit based on 1000 units. 


TABLE VI—COST PER UNIT, RIVETED DESIGN, 1000 UNITS 

Total estimated shop cost, 1000 riveted units .$45,013.03 

Shop cost per riveted compressor suspension when made in quantities of 1000 45.01 

Gross weight of material in 1000 riveted units .248,200 lbs. 

Gross weight of material per riveted unit when made in quantities of 1000 248.2 lbs. 


Proportionate Cost Saving of Arc Welded Design—A study of the cost 
estimates of the arc welded construction as compared with the riveted con' 
struction shown in the Tables results in the following comparisons: 


Manufactured in Lots of 25 Units 

Shop cost of Riveted Unit.$72.04 

Shop cost of Arc Welded Unit____$46.47 

Estimated saving per unit of arc welded con' 
struction compared with riveted construction„._$25.57 
Proportionate cost saving of arc welded construction (in 
percentage) over cost of riveted construction..35.4% 


Manufactured in Lots of 1000 Units 

Shop cost of Riveted Unit_____,$45.01 

Shop, cost of Arc Welded Unit-$27.90 

Estimated saving per unit of arc welded con' 

struction compared with riveted construction._$17.11 

Proportionate cost saving of arc welded construction 

(in percentage) over cost of riveted construction-37.9% 

As explained in detail under the heading “Cost Estimate of Arc Welded 
Design Compressor Suspension” we expect that future runs in the manu' 
facture of this product will be in quantities of 1000 units and therefore the 
proportionate cost saving of 37.9 per cent resulting from the arc welded con' 
struction over the cost of riveted construction is the figure which will obtain 
in future manufacturing. 
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Estimated Total Annual Gross Cost Savings Accruing from the Use of 
the Arc Welded Design—The great industrial development which followed 
the first World War resulted in the early years in the development of the rail¬ 
road passenger business to its peak, at which time there were approximately 
55,000 passenger cars, exclusive of Pullman cars in the United States. From 
that point on, the rapid development of the automobile industry resulted in a 
decline in the number of passenger railway cars, down to the present figure of 
approximately 39,000, exclusive of Pullman cars. The railroads have now 
found a shortage of passenger cars, and have commenced a construction pro¬ 
gram, and it is estimated that within the next few years we should reach a 
total of 44,000 cars. By adding the 8000 Pullman cars in the United States, 
and the 6000 passenger cars in Canada, it will raise the total in the near 
future to 58,000 cars, of which only 87 are equipped with step-modulated 
air conditioning, and 12,887 with one of many types of air conditioning. 
Deducting these air conditioned cars from the estimated future total leaves 
45,113 cars which will doubtless be air-conditioned within the next few years. 

During the present war crisis, air conditioning of passenger cars must be 
postponed temporarily, but it will be a useful and desirable improvement dur¬ 
ing the immediate post-war years when capital expenditures will be sought 
to take up the slack during the shift from a war to a peace time economy. 

It is assumed in these estimates that after the close of the war, the remain¬ 
ing passenger cars in the country will all be air conditioned over a period 
of five years, which will require the air conditioning of 9000 cars per year, 
and it is further assumed that one-third of the necessary compressor suspensions 
for these air conditioning installations will be built by the company with 
which the authors are connected, and two-thirds will be built by other concerns. 

Based on the above estimates the total annual gross cost savings accruing 
from the use of arc welding by the company with which the authors are con¬ 
nected are estimated to be: 


Compressor Suspensions for 3000 Cars 

Estimated proportionate saving per unit of arc 

welded construction, .. $17.11 each 

3000 cars per year 

Total estimated annual gross cost saving accruing 

from use of arc welding____$51,330.00 


Estimated Total Annual Gross Cost Saving Accruing from the Use of 
Arc Welding by Industry in General—Based on the assumptions outlined 
immediately above, the estimated total annual gross cost saving accruing from 
the use of arc welding by industry in general can be determined by estimating 
that 9000 cars will be air conditioned per year, and that the saving per unit 
by the use of arc welding is $17.11; resulting in a total annual gross cost 
saving of $153,990. 

Due to the world war crisis of today it is impossible to obtain reliable fig¬ 
ures regarding railroad equipment for countries other than the United States 
and Canada, and although the authors recognise that there will eventually 
be great possibilities for air conditioning installations in railroad passenger 
cars all over the world, the estimates in this thesis are based solely on the total 
annual gross cost savings accruing from the use of arc welding by industry in 
general in the United States and Canada. 
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Increased Service Life Accruing from the Use of Arc Welding—The 
conditions to be met in the design of the compressor suspension were vibration 
and shock loads, both of which are present on railroad rolling equipment. Severe 
shock and vibration tend to loosen rivets, and thereby shorten the service life 
of a riveted compressor suspension. 

It is the belief of the authors of this paper that the monolithic construction 
of the arc welded compressor suspension will cause it to last almost indefinitely 
if kept properly painted. The wearing surfaces of the pivot and the tubular 
rubber mountings of the bolts will have to be repaired or renewed at infrequent 
intervals but the arc welded frame will last as long as the passenger car. The 
authors have had experience with riveted equipment used in connection with 
drop hammers, rock crushers and other installations where loads were inter¬ 
mittent, and vibration severe, causing riveted joints to become loose in a few 
weeks. They found it was possible to correct these difficulties by arc welding. 

Increased Efficiency Accruing from Use of Arc Welding—The summary 
estimate demonstrates that the efficiency in the manufacture of the arc welded 
design as compared with the riveted design results in an annual gross cost 
saving of $17.11 per unit or $153,990 per year. 

The cost estimates of the arc welded design, as compared with the riveted 
design, show that there is a saving of approximately 6.6 man hours per unit, 
or 59,400 man hours per year by the use of arc welding. (Based on a saving 
of $5.28 in labor per unit @ 80 cents per hour.) 

Owing to the simplicity of the arc welded design as compared with the 
riveted design there is eliminated approximately 5.8 machine hours per unit, 
or 52,200 machine hours per year, leaving this machine time available for other 
work which cannot be so readily replaced by arc welding. 

Increased Social Advantages Accruing from the Use of Arc "Welding— 
Economists the world over have for many years emphasized the importance 
to all industrial countries of the conservation of its raw materials. The arc 
welded design of the compressor suspension is not only stronger than the 
riveted design, but it also results in a saving of one-hundred pounds of steel 
per suspension. Based on the equipment of 9000 cars per year, this will result 
in the conservation of 900,000 pounds of steel per year. 

Safety to passengers has for many years been the governing consideration 
in all railroad design and construction. The arc welded compressor suspen¬ 
sion, free of rivets which might shake loose under the shocks and strains of 
service, is considered safer than the riveted design. 

Some of the advantages of arc welding compared with riveting are: 

1. The formation of a monolithic unit with the resulting greater rigidity 
and strength. 

2. The elimination of the expense of rivets, rivet holes and riveting. 

3. Elimination of the weakening of structural members caused by rivet 
or bolt holes. 

4. Reduction in the weight of most structures. 

5. Improved appearance. 

6. Reduction in cost of manufacture (in most instances). 

The relatively low cost of steel and its high tensile strength, coupled with 
the great compressive- strength of modern structural sections, of which the 
angle, the channel and the I-beam are the best examples, are the main reasons 
why the present era is known as the "steel age 1 ’. 

The individual pieces of steel such as channels or I-beams are in themselves 
of little or no practical value, but when skillfully used as units of a completed 
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Estimated Total Annual Gross Cost Savings Accruing from the Use of 
the Arc Welded Design—The great industrial development which followed 
the first World War resulted in the early years in the development of the rail¬ 
road passenger business to its peak, at which time there were approximately 
55,000 passenger cars, exclusive of Pullman cars in the United States. From 
that point on, the rapid development of the automobile industry resulted in a 
decline in the number of passenger railway cars, down to the present figure of 
approximately 39,000, exclusive of Pullman cars. The railroads have now 
found a shortage of passenger cars, and have commenced a construction pro¬ 
gram, and it is estimated that within the next few years we should reach a 
total of 44,000 cars. By adding the 8000 Pullman cars in the United States, 
and the 6000 passenger cars in Canada, it will raise the total in the near 
future to 58,000 cars, of which only 87 are equipped with step-modulated 
air conditioning, and 12,887 with one of many types of air conditioning. 
Deducting these air conditioned cars from the estimated future total leaves 
45,113 cars which will doubtless be air-conditioned within the next few years. 

During the present war crisis, air conditioning of passenger cars must be 
postponed temporarily, but it will be a useful and desirable improvement dur¬ 
ing the immediate post-war years when capital expenditures will be sought 
to take up the slack during the shift from a war to a peace time economy. 

It is assumed in these estimates that after the close of the war, the remain¬ 
ing passenger cars in the country will all be air conditioned over a period 
of five years, which will require the air conditioning of 9000 cars per year, 
and it is further assumed that one-third of the necessary compressor suspensions 
for these air conditioning installations will be built by the company with 
which the authors are connected, and two-thirds will be built by other concerns. 

Based on the above estimates the total annual gross cost savings accruing 
from the use of arc welding by the company with which the authors are con' 
nected are estimated to be: 


Compressor Suspensions for 3000 Cars 

Estimated proportionate saving per unit of arc 

welded construction, . $17.11 each 

3000 cars per year 

Total estimated annual gross cost saving accruing 

from use of arc welding___$51,330.00 


Estimated Total Annual Gross Cost Saving Accruing from the Use of 
Arc Welding by Industry in General—Based on the assumptions outlined 
immediately above, the estimated total annual gross cost saving accruing from 
the use of arc welding by industry in general can be determined by estimating 
that 9000 cars will be air conditioned per year, and that the saving per unit 
by the use of arc welding is $17.11; resulting in a total annual gross cost 
saving of $153,990. 

Due to the w-orld war crisis of today it is impossible to obtain reliable fig' 
ures regarding railroad equipment for countries other than the United States 
and Canada, and although the authors recognise that there will eventually 
be great possibilities for air conditioning installations in railroad passenger 
cars all over the world, the estimates in this thesis are based solely on the total 
annual gross cost savings accruing from the use of arc welding by industry in 
general in the United States and Canada. 





Increased Service Life Accruing from the Use of Arc Welding—The 
conditions to be met in the design of the compressor suspension were vibration 
and shock loads, both of which are present on railroad rolling equipment. Severe 
shock and vibration tend to loosen rivets, and thereby shorten the service life 
of a riveted compressor suspension. 

It is the belief of the authors of this paper that the monolithic construction 
of the arc welded compressor suspension will cause it to last almost indefinitely 
if kept properly painted. The wearing surfaces of the pivot and the tubular 
rubber mountings of the bolts will have to be repaired or renewed at infrequent 
intervals but the arc welded frame will last as long as the passenger car. The 
authors have had experience with riveted equipment used in connection with 
drop hammers, rock crushers and other installations where loads were inter¬ 
mittent, and vibration severe, causing riveted joints to become loose in a few 
weeks. They found it was possible to correct these difficulties by arc welding. 

Increased Efficiency Accruing from Use of Arc Welding—The summary 
estimate demonstrates that the efficiency in the manufacture of the arc welded 
design as compared with the riveted design results in an annual gross cost 
saving of $17.11 per unit or $153,990 per year. 

The cost estimates of the arc welded design, as compared with the riveted 
design, show that there is a saving of approximately 6.6 man hours per unit, 
or 59,400 man hours per year by the use of arc welding. (Based on a saving 
of $5.28 in labor per unit @ 80 cents per hour.) 

Owing to the simplicity of the arc welded design as compared with the 
riveted design there is eliminated approximately 5.8 machine hours per unit, 
or 52,200 machine hours per year, leaving this machine time available for other 
work which cannot be so readily replaced by arc welding. 

Increased Social Advantages Accruing from the Use of Arc Welding— 
Economists the world over have for many years emphasised the importance 
to all industrial countries of the conservation of its raw materials. The arc 
welded design of the compressor suspension is not only stronger than the 
riveted design, but it also results in a saving of one-hundred pounds of steel 
per suspension. Based on the equipment of 9000 cars per year, this will result 
in the conservation of 900,000 pounds of steel per year. 

Safety to passengers has for many years been the governing consideration 

* in all railroad design and construction. The arc welded compressor suspen- 

• sion, free of rivets which might shake loose under the shocks and strains of 
service, is considered safer than the riveted design. 

Some of the advantages of arc welding compared with riveting are: 

1. The formation of a monolithic unit with the resulting greater rigidity 
and strength. 

2. The elimination of the expense of rivets, rivet holes and riveting. 

3. Elimination of the weakening of structural members caused by rivet 
or bolt holes. 

4. Reduction in the weight of most structures. 

5. Improved appearance. 

6. Reduction in cost of manufacture (in most instances). 

The relatively low cost of steel and its high tensile strength, coupled with 
the great compressive- strength of modern structural sections, of which % the 
angle, the channel and the I-beam are the best examples, are the main reasons 
why the present era is known as the “steel age 1 ". 

The individual pieces of steel such as channels or I-beams are in themselves 
of little or no practical value, but when skillfully used as units of a completed 
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design the great modern bridges, buildings and other engineering structures 
are created to carry the commerce and house the industry of our civilization. 

One of the most difficult problems in the design of steel structures is the 
connection of the various members one to the other, in such a manner as to 
develop the full strength of each. Riveting and bolting the members together 
has until quite recently been the standard, and in fact the only method em* 
ployed in the design of steel structures, until various types of welding were 
perfected shortly after the first World War. Electric arc welding is the 
leader in this new art, and today we see the arc welded ships, tanks, building 
frames, and countless other engineering structures replacing their riveted 
predecessors. 



Chapter VIII—Construction of Rail Grinding Car 

By J. C. Bowles, 

Superintendent of Equipment , The Community Traction Co ., Toledo, O. 


Subject Matter: Passing through a period of replacing street 
cars with motor coaches and trackless trolleys, this company was 
the recipient of complaints of the noisy operation of those cars 
still in service, as a result of rail and wheel wear. The market 
price of rail grinding equipment being $40,000, this company, 
with the aid of the arc welder, mounted rail grinding equipment 
in an existing car and saved themselves over $10,000. Further, 
some $4,000 annually is saved as compared with the operation 
of their portable grinding equipment. Complaints from riders 
and residents in the vicinity of the line, decreased on the aver¬ 
age, by 86%. 

J. C. Bowles 



During the past several years, our company, along with others of the 
transit industry, has undergone a period of transition, that of replacement 
of street car equipment with motor coaches and trackless trolley coaches. 

The design of coaches during this period has advanced from front 
engine, city type, to the rear engine, streamlined transit type vehicle, with 
all the features of attractiveness and comfort that are desirable on a modern 
public carrier. The coaches are more flexible in operation, they operate 
faster schedule speeds, and are considerably less noisy than the cars -which 
they replaced. 

The comparatively few cars which are still in service have become a 
source of noise complaints from residents along the line as well as riders 
themselves. Even though the cars have been properly maintained, painted 
streamline, and lighted adequate for reading, the noise from the steel wheels 
on the rail remains the same. 

The problem of satisfying those complainants merely meant the reduc¬ 
tion of noise by more frequent grinding of car wheels and rails. However, 
our problem was one of additional rail grinding equipment for this purpose. 
The desirable equipment was on the market at approximately $15,000 for 
the rail grinder and an additional $25,000 for a car, making a total of 
$40,000. With our operation of less than 100,000 car miles per month, we 
began our thinking to develop a more economic means of grinding rail. 

It was in this line of thought that arc welding appeared as a possible 
prime factor, as it had on many previous occasions, for construction or 
reconstruction of equipment in our shops. The idea of rebuilding an obso" 
lete wrecker rail car into a reciprocating rail grinder car at a minimum cost 
involved considerable arc welding. 

The construction was undertaken and completed in a period of seven 
weeks at a total cost for labor and material of $4,400. Of this expenditure, 
$4,120 was for construction and installation of the rail grinder, while the 
balance of $280 was used for reconditioning, lighting, and replacing of 
motor field coils such that the car could operate at very slow speeds. Since 
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Fig. 1. The subject of study. 

we had the car, we calculate our saving only on the rail grinding equip' 
ment. This saving, based on our construction cost of $4,120 as compared 
to the purchase of new equipment at $15,000, was $10,880 or 72.8 per cent 
of the cost of new equipment. 

Arc welding was used throughout the rebuilding process for the fob 
lowing numerous purposes making use of four types of welding rod: 

1. Reinforcement of the framework of the car. 

2. Construction of two sets of framework for support and mounting 
of motors and grinding units. This was made of 3'inch pipe standards, 
5-foot 2-inch channel iron cross members, and had brackets for bracing and 
attachment to the car frame. 

3. Construction of a housing to enclose the grinding brick boxes. 

4. Slide plates welded to the brick boxes. 

5. Brick boxes to accommodate four 2-inch x 4-inch x 8-inch bricks, 
each in a separate compartment, were made by arc welding. 



Fig. 2. (Left.) Rail grinder mechanism. Fig. 3. (Right.) Another view of rail grinder 

mechanism. 
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6. Mounting brackets for air cylinder controlling pressure on grinding 
brick and on wedge block. 

7. Crankshaft made of 3-inch nickel steel shafting welded onto hot 
rolled plates. 

8. Turnbuckle eyes for motor adjustment. 

9. Slides for raising and lowering grinder units. These were made from 
3]4'inch pipe and 6dnch channel iron. 

10. Rail guide shoes, made from a section of street car wheel welded 
to lj/ 2 'inch square steel. 

11. Facing of rail guide shoe wearing surface with tool weld. 

12. Brackets, braces, and platform for motor mounting. 

13. Making T irons for lifting grinder units with 8dnch air cylinder. 

14. Attachment of fittings to cooling water supply tanks. 

Photographs, Figs. 1,2, 3 and 4 show the car and the rail grinder 

mechanism. 

Reference to the above items is made on Fig. 5 by encircling the item 
number, thus indicating where the welding was done. 

The rail grinder when completed was equipped to grind two rails at 
the same time as the car moved along at any desired speed between the 
limits of standstill and 60 feet per minute. The reciprocating mechanism 
operated by electric motors allowed for the control of reciprocation speeds 
as desired—depending on the condition of the rail, the control of mecham 
ism for each grinder being independent of the other. The pressure of the 
grinding stone on the rail is controlled by air pressure. The rail guide 
shoes ride the car rail during grinding to keep the proper alignment of 
the grinding brick on the rails. 


Fig. 4. Interior of rail grinding car. 
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Satisfactory and economic results obtained from the use of this rail 
grinding car are as follows: 

1. The rails of our car system may be ground as often as required. 

2. The annual saving by the use of this grinder as compared to using 
our former portable grinder is $4,014, based on grinding 30,000 feet of 
single rail per year. 


Cost analysis for 7-hour day: 


New Grinder Old Grinder 

125 ft. Double Rail 70 ft. Single Rail 


Labor .$ H.96 14.77 

Grinding Brick . 8.88 2.22 

Power Cost . 2.64 .30 

Maintence & Depreciation . 1.25 .12 


Total .$ 28.73 $ 17.41 

Cost per 100 feet of rail . 11.49 24.87 

Cost per year (30,000 fee t) .:$ 3,447.00 $7,461.00 


3. The complaints of noisy cars from residents and riders have decreased 
beyond our expectation. After having the grinder in service for six months, 
our complaint records show a decrease of 86 per cent in the average number 
of complaints per month as compared to the previous twelve month period. 

In this instance arc welding made it possible for us to economically 
solve one of our problems in public relations. The actual value of benefit 
derived in this respect, of course, is incalculable; however, we feel that all 
efforts spent in maintaining good public relations pay dividends. 

It is our practice, because of experience, to be adequately equipped to 
handle the numerous welding jobs of a simple and complex nature which 
arise on our property. 

Equipment alone is not the answer to successful applications of arc 
welding. In addition to equipment, we have a capable welder who is 
capable because of his arc welding experience on a large variety of jobs, 
his ambition to keep up to date on the subject, and his eagerness to dem¬ 
onstrate the economy involved by the many applications of arc welding in 
the transit company. 










Chapter IX—Fabrication of Steam Locomotive Cylinder 


By Carl Ray Averitt, 

Assistant Blac\smith Foreman, Paducah , Ky. 



Subject Matter: Why fabricate a steam locomotive cylinder? 
The author states that not only is there a saving of $983.21 
per unit, but worn cylinders made of mild steel will be more 
easily machined when bushings are required. Further, should 
welding be necessary for repairs, higher quality work can be 
done, since cast steel often contains gas, slag and sand inclu¬ 
sions. Low carbon, open-hearth steel is selected for the purpose, 
free from seams and other defects. Each of the 129 parts 
of the entire assembly is then cut to shape and scarfed for 
welding with the torch., Steam-chest cylinder and main cylinder 
walls are then formed hot under the press. Parts, during welding 
assembly are held in place by spacers and brace bars. 


Carl Ray Averitt 


Steel plate construction and fabrication like many other production 
practices, has been subjected to intense study. And, as in other producing 
methods, there have been vast and important improvements. All along the 
American industrial front, many practices and methods which served in 
ordinary times are being replaced by newer and better ways, which provide 
the three important factors to modern production—maximum utility,, con¬ 
venience, and economy. 

Welding is definitely on the gain in the construction of bigger and 
better fabrications and especially so when so important a movement as 
National Defense is in progress. Not only are there more welds being made, 
but the technique and appliance has been rapidly improved. 

Our company has found it economical and in some instances, since the 
war began, a necessity to fabricate many of its locomotive and car parts, 
since the manufacture of these type castings have been greatly curtailed. 
Several years ago this company found that there was really no end to the 
possibilities for cost reduction and product improvement with welding. It 
has in its continuous research found new discoveries in its welding applica¬ 
tion by which it is continually improving and modernising its locomotives 
for higher speed and greater efficiency. 

The company is using on its modern locomotives the application of the 
welding process either in whole or in part of fabrications and repair work 
at a great savings, and only vital parts restricted by various I.C.C. and 
A.A.R. regulations are exempt from welding. While the arc welding process 
is used to reclaim and repair main frames, smoke boxes, all kinds of spring 
and brake rigging, including equalizers, hangers and brake beams, cast steel 
cylinders, draw bar castings and supports, deck castings, truck frames, pilot 
beams, couplers and etc., among fabrications used on these locomotives, we 
might mention the names of some that have been used since the beginning 
of arc welding on railroads, while others are newer and improved. A few 
of the arc welded designed fabrications now in use are—air pump brackets, 
frame crossties, mechanical lubricator brackets, truck frames, pilots, cabs, 
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Fig. 1. Cylinder walls bent to shape. 


pilot brackets, draw bar supports, engineers’ and firemen’s seats, steam pipe 
extensions, furnace bearers and pads, stoker troughs, stoker brackets, injec- 
tor brackets, spring seats, grate shaker lever fulcrums, grate supports, reverse 
shaft arms, reservoir brackets, whistle rods, grate straps and ash pan latches. 

In order to produce these fabrications to comply with the three factors 
of modem production, (maximum utility, convenience, and economy) first; 
the job to be made is given considerable thought and study so that as few 
parts may be used as possible, resulting in simplification and reduction in 
the amount of welding that may be done to produce the required strength 
and then prints drawn to conform with the results. Second; to select in 
advance sizes and types of material to be used. Third; size and kind of 
electrodes to be used in welding and, Fourth; the selection of qualified opera¬ 
tors to perform the work with good equipment. 

All these factors were considered when it had been decided to build 
the most interesting of all welded fabrications in our shop, a one-piece 
locomotive cylinder, to which the following subject matter is devoted. A 
class locomotive was selected that was to pull a crack passenger train at 
high speed. Drawings were made, either separately or in groups of each of 
the one hundred and twenty-nine parts to be used to fabricate the set of 
cylinders. 

Material was selected according to I.C. specifications, sizes and kinds. 
A mild steel of low carbon content was used, metallurgically, a steel with 
an excellent weldability. As for all steel used by the company, certain 
chemical and physical properties were required. Chemical properties, as 
follows: 

Carbon—not over .05 per cent 
Phosphorous—not over .05 per cent 
Sulphur—not over .05 per cent 
Copper—not less than .20 per cent 

Steel was to be made of open hearth process, free from seams and other 
defects. Each heat or melt to meet the following—tensile strength, pounds 
per square inch, 50,000 to 62,000; elongation in .8 inches, per cent not less 
than 1,500,000 divided by the tensile strength. Test specimens must bend 
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either hot or cold through 180 degrees over a diameter equal to its thick' 
ness, without sign of fracture and angles must open flat or bend shut, cold, 
without fracture. 

After the material was selected, it was then delivered to the shop and 
each of the 129 parts to be used was cut to shape and scarfed for welding 
by an oxy^acetylene torch operating on a pantagraph table. After the de* 
sired plates were cut, the ones that required bending, such as the steam 
chest cylinder and main cylinder walls, were carried to a large hydraulic 
sectional flange press, heated, in a modern oil furnace and bent to shape 
by qualified blacksmiths and helpers, (See Fig. 1). 

To cut the various 129 parts at the torch and bend those that required 
bending ready for welding, was done by the use of 338.5 man hours at a 
labor cost of $257.24. The weight of the material used was 12,921.3 pounds, 
and cost $941.07. The material was then transferred to the welding shop 
to be fabricated. 



Fig. 2. Welding of cylinders. 

All business is made up of men, material, and methods, and men count 
the most. Your product may be planned scientifically perfect and your 
materials the best, but without qualified, forward men, your product will 
be a failure and cannot endure. Our railroad believes this and all welding 
is done by welders who have passed specified tests at regular intervals. 
These welding operators are coached and taught that the use of proper 
electrodes as to si^e, type and analysis and the proper technique is the 
answer to most welding problems. By “technique'” we mean the type of 
joint, the current control and speed of welding, position of welding, deposh 
tion of the beads, amount of preheat (if any) and the heat treatment after 
welding. 

After two welders for each of the three working shifts had been selected 
to fabricate the cylinders, the various parts were then set up and made 
ready for welding. Some parts required fabrication themselves before the 
complete cylinder could be set up, such as the cylinders proper and steam 
chests. Also welding was required on the inside of the fabrication before 
the final piece could be applied. Before these parts could be fabricated 
into the complete unit, a very important factor had to be considered in its 
set up. That of contraction due to heat set up by the welded metal de- 
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Hg. 3* (left)* Cylinders alter welding. Fig. 4, (right). Close-up view ol welded parts on 

cylinder. 


posited. One-quarter inch was left to take care of the length and one- 
eighth allowed in width of the fabricated cylinder which proved in the 
end, very accurate. These parts were also held in place by spacers and 
brace bars to withstand any strain of contraction or pull, so that when job 
was completed, it would be in line. To eliminate as much strain as possible 
the fabrication was welded uniformly, thus causing the contraction to be 
equally divided, (See Fig. 2). 

To weld the complete unit, required 1,559.06 man hours (including all 
delays) at a labor cost of $1,402.18. (These figures for welding only). It 
required a total of 13,747 welding electrodes including three sizes, %6, !4, 
and % 2 , weighing 2,430.7 pounds at a cost of $148.32. Following is a 
table in detail of welding rods consumed: 



No. Rods Used 

Wt. Lbs. 

Cost 


3,366 

336.6 

$ 21.03 

s Ae 

6,777 

1,093.0 

69.73 

A 

3,604 

1,001.1 

77.56 

Total 

13,747 

2,430.7 

$148.32 


After the completion of the welding the important factor of stress re¬ 
lieving was to be next. The one piece fabricated cylinder in the rough was 
then transferred back to the Blacksmith Shop from where it had formerly 
come, in the form of 129 pieces, but now fused to a solid unit. It was 
placed in a modern six burner, oil burning furnace to be normalized at a 



Fig. 5, (left). After normalizing. Fig. 6, (right). Close-up of welds on cylinder. 
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temperature of 1550°F., that all stresses and strain might be relieved and 
the fabricated mass would be a solid unit retaining equal grain structure 
throughout. 

From the normalising furnace it was then' transferred to the sand blast 
and sanded and then to the machine shop where the finishing touches were 
to be added and the surplus stock removed. Fig. 3 shows cylinders in rough 
after normalising and Figs. 4,5,6, show close views of welded parts. Fig. 
7 shows the completed part after machining and Fig. 8 a drawing of the 
cylinder. 

To machine the cylinders for bushings, finish the steam chest, 
machine the smoke box saddle, drill and tap for cylinder head studs and 
machine cylinder head seats required 1,176.01 man hours including all 
delays, at a labor cost of $795.39. After the machine shop finished their 
job we had a completed cylinder, neat in appearance, strong and durable, 
fabricated and finished ready to go on locomotive at a savings of $983.21 
over the cost of a cast steel cylinder. 



Fig. 7. View of cylinder after completion of machine work. 

Why Fabricate a Steam Locomotive Cylinder?—I have already given 
data above that would encourage this practice if nothing else were con' 
sidered. On the first set of cylinders to be fabricated, from the best of 
materials, a saving of $983.21 was made. Cylinders to be fabricated in the 
future will be easier. Prints have already been made and we know what 
has been required to build the first one. Difficulties experienced can be 
overcome, and short cuts missed at first can be used. Many parts of these 
cylinders can be cut from small pieces that would otherwise be scrap. Weld' 
ing operators will be more familiar with this particular routine. All this 
will go to make even a greater savings. 

The future upkeep must also be given consideration, which cannot be 
added directly as a savings but indirectly is just as important, and in some 
cases more important than the savings made from just fabricating the job. 
When cylinders return to the shop with the locomotive for general repairs, 
the reclaim job can be done at a minimum. The cylinders will be more 
easily machined to refit bushings than cast steel walls. Probably nothing else 
in the line of repairs for the cylinders will be necessary. If, however, 
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Fig. 8. Details of fabricated cylinder. 



welding is necessary as is often times necessary in cast steel cylinders, it 
can be done with greater ease, producing a higher quality weld. Cast steel 
often times contains gas, slag and sand inclusions, thus it does not respond 
as readily to welding as a mild steel plate. These inclusions often times 
produce undesirable properties. 

We cannot determine offhand the length of service that these fabri¬ 
cated cylinders will give as the one now in service has only been out a 
short time, but we do know that their life will be longer than cast steel, 
because the special selected steel has proven itself more durable and efficient 
on other fabrications now being used. 
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During the year of 1941, a total of 35 old cylinders were replaced by 
new cast steel cylinders at one shop alone. If these had been replaced by 
fabricated cylinders, at a savings of $983.21 per unt, a total savings of 
$34,412 would have been saved. This is a sum that cannot be “sneered at”. 
This amount would have given one and one half locomotives a class No. 3 
repair and modernisation. It would have paid for eight and one half new 
fabricated cylinders, or paid for 26,470 hours of welding. 

No doubt but that in the near future all cylinders on our railroad will 
be fabricated. With an encouraging savings on the first one and greater 
savings on those to be made, and an increased durability of the product, 
fabricated cylinders are definitely on the gain. 

In the end, whether it be with fabricated cylinders on high-speed loco¬ 
motives or fabricated steel bodies for rail cars, it all sums up to the one 
now important phrase, quick and efficient transportation is the connecting 
link between war and victory—the railroads will keep ’em rolling. 

Fabrication Data for One-Piece Locomotive Cylinder 
LABOR— 


Man Hrs. Cost 

Blacksmith 
Welding ... 

Machine ... 

Other ....... 

Shop Exp. 

Total. 

MATERIAL 


Welding Rod No. of Rods Wt. Lbs. Cost 

% 6 6,777 1,093 $ 69.73 

Va 3,604 1,001.1 57.56 

% 2 3,3 66 336.6 21.03 

Total 13,747 2,430.7 $148.32 

Steel used including two cylinder heads.$ 762.91 

Oxygen used for cutting. 16.65 

Miscl. 13.19 

Total all material...$ 941.07 

Total cost labor and material.$4,167.53 

Total cost of cast steel cylinder......$5,137.55 

Total Savings ...$ 983.21 

Total weight of fabricated cylinder (Includes 

bushings and cylinder heads)...15,352 lbs. 


... 338.5 . 
...1,559.06 
...1,176.01 
9.3 

..$3,082.87 


.$ 257.24 
. 1,402.18 
. 795.39 

8.04 
. 763.51 

..$3,226.36 
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Chapter I—Hidden Advantages of Arc Welded Ship Construction 
By Stanley A. Midnight 

Assistant Chief Draftsman, 

American Ship Building Co., Cleveland, Ohio. 


Subject Matter: The advantages of arc welding, as applied to 
ship construction, are not confined to reduction in costs. For 
example, with riveted construction, the hull friction may be as 
high as 14 per cent or even 22 per cent greater than for the 
welded shell. Again, insulation is more satisfactorily applied; deck 
coverings are not injured by underlying rivet heads which, even 
though countersunk, are objectionable; the design of ventilation 
ducts, plumbing and electrical facilities is simplified; and the diffi' 
culties of constructing masts and booms—especially of small 
diameter—are diminished. Detailed cost analyses of a large 
number of items show a large advantage is favor of welding 
amounting in the aggregate, over the industry at large, to 
$600,000,000. Time is also saved. 

Stanley A. Midnight 



Practically every shipyard in this country for the past two years has been 
engaged in the construction of vessels for our government. Due to the 
restricted and confidential nature of this work, publication of any details re-* 
garding these vessels is forbidden by the government. It is felt that even in 
the absence of such a rule, as little information as possible should be published 
at this time. 

Nevertheless, there are many phases of ship construction which may be 
said to be typical for all vessels. These are the standardised small practices 
which are in common use throughout the industry in the constructing of all 
types of ships, whether or not this construction be of a confidential nature. 

A paper dealing with some later developments in these processes divulges 
no information concerning any particular vessel or types of vessels and can 
be of no special value to our enemies. 

Rather, in the belief that a consideration of these developments may 
indicate many techniques that would make for a real savings in time, materials, 
and expense necessary to the victorious completion of our tremendous pro- 
gram, has this paper been prepared. 

The arc welding designs given have been made and used on the various 
ships which my employer has constructed during the past two years. They 
may be applied to naval, maritime or commercial vessels. The costs of the 
redesigned arc welded details will be compared with the riveted details of 
former constructions. 

The advantages of arc welding in the ship building industry are usually 
grouped, conveniently, into the one great advantage of weight reduction and 
its consequent reduction in cost. While this one advantage produces results 
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Fig. 1, (left). Shell buttlaps, straps and welded butts. Fig. 2, (center). Insulation details. Fig. 3, (right). Insulation details. 
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great enough in themselves to justify the arc welded ship construction, it is 
bv no means the only advantage worth considering. There are many others 
which, while not as great in themselves as weight reduction, collectively 
represent an advantage of equal, or greater significance. 

In this paper, various redesigns will be detailed, followed by comparative 
costs of the riveted and arc welded constructions. As progress is made in this 
great field of arc welded construction, it is found that the arc welded designs 
should be made not only for strength increase and weight reductions, but also 
to permit better and less expensive installations. For example, the installation 
of insulation or linoleum—a not inconsiderable item. Such advantages as 
these have been termed "hidden advantages” by the author. These numerous, 
less important items, added together, produce results which heretofore have 
not had proper weighing when arc welding advantages were considered. 

Advantages of Arc Welded Constructions 

I. Welded Shell Butts—Ships built of riveted construction generally had 
lapped plate seams and butts in the shell. The buttlaps, straps, and rivet heads 
contribute to the roughness of a vessel, increasing the friction of the ship.. If 
this roughness is put in the form of a fraction of the total ship friction, 
authoritative estimates have placed the amount at from 14 per cent for a 
400"foot cargo vessel, to 22 per cent for a 90Ofoot battle cruiser. 

The protruding edges of the shell butt, straps, and rivets are a major part 
of the roughness of the ship's surface. The increase in the ship friction due to 
these, has been conservatively estimated at from 7 to 10 per cent for the 
average vessels. Therefore, it will be assumed that the elimination of the shell 
plate buttlaps, straps and rivets will reduce the ship friction at least 7 per cent. 
Fig. 1, figures (a) and (b) detail a typical riveted shell buttlap and strap 
respectively, while figure (c) details an arc welded butt joint. Note, for 
comparison, the simplicity of the arc welded joint as compared to the riveted 
one. 

II. Insulation—In ship construction today, insulation is becoming more 
important and is being used in increasing amounts. In the early days, decks 
were made of wood or were steel covered with wood. Today, this construe" 
tion has been largely replaced with steel decks requiring insulation below. 

Insulation material may be any one of many trade materials, with cork 
and fibre glass the more common. The insulation is usually cemented directly 
to the steel. This requires cutting the insulation to fit between frames, deck 
beams, girders, and other stiffeners. Covering the stiffeners themselves is 
usually too expensive, so the insulation is generally applied between the vvebs 
of the stiffeners. In the case of the riveted construction (See Fig. 2, figure 
(a)) the insulation board must be coped out around the stiffener flange and 
rivets, involving considerable labor. Fig. 2, figure (b) shows an arc welded 
stiffener of a design which permits ready installation of insulation board, 
eliminating all coping as required for the riveted design. 

Where insulation is applied between the riveted stiffeners, the board is 
often forced in place without being properly coped, thus effecting in the 
insulation board a tendency to spring out from the wall. This practice results 
in the insulation coming loose at these points and in time loosening entirely. 
An air space between the insulation and the steel permits the steel, to sweat, 
thus allowing the water to gather and loosen the surrounding insulation. 
Insulation applied between the welded stiffener having no tendency to spring 
loose, adheres to the wall very well. 
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To properly insulate, insulation must be applied over seams, buttlaps, and 
straps of the shell, decks, and bulkhead plating, as shown in Fig 3, figure (a). 
Again the arc welded design, as shown in Fig. 3, figure (b) entirely eliminates 
the extra expense of this application. 

Many times it is desirable to stop the insulation short of a deck or airport 
or around a door. Since these edges are vulnerable to damage, they are some¬ 
times protected by a heavy-gauge Zee bar, as shown in Fig. 4, figure (a). The 
Zee bar in former construction was riveted onto the shell, bulkhead or deck. 

The amount of work and procedure used in this installation of the Zee 
bar is as follows: 

1. Zee bar is cut to length. 

2. Rivet holes are punched. 

3. They are then used for templates and holes drilled in the shell plate. 

4. The holes must be countersunk from the outboard side. 

5. The Zee bars are then bolted on. 

6. Rivets are driven requiring a 3 man gang. 

7. The rivets must be caulked. 

8. The rivets must be tested for watertightness. Fig. 4, figure (b) details 
and angle toed to the shell and welded thereto to replace the Zee bar. This 
angle is as efficient as the Zee bar as far as holding the insulation is concerned. 
Following is an outline of the installation work required to install an angle: 

1. Angle is cut to length. 

2. Angle is welded in place by one man. 

The two items above compare with the eight items in the riveted con¬ 
struction. The angle installed complete is no more work than the work of cut¬ 
ting and drilling the holes in the Zee bars. Items No. 3 to 8 of the riveted 
construction are excess work compared to the arc welded construction. 

III. Deck Coverings—(a) Inside (Linoleum, Rubber and Compositions.) 

Deck coverings of linoleum, rubber, or compositions manufactured under 
trade names present similar problems to those encountered in applying in¬ 
sulations. Fig. 5, figure (a), details a typical installation of linoleum over a 
plate seam. In this case a hard filler cement must be applied to ease off the 
joint to provide a relatively smooth surface. 

The rivet heads, although countersunk, are never flush and produce a con¬ 
dition very undesirable. The linoleum laid over the rivets tends to loosen 
because of the slight protrusion of the head. Once loosened, the walking on the 
adjacent surface continues to break the adhesion between the linoleum and the 
deck, and in time much of the floor is loose, unsightly, and a safety hazard. 

A flush arc welded deck, as shown on Fig. 5, figure (b), with butts ground 
smooth, forms a perfect base for the deck covering. An installation of linoleum 
as near perfect as possible is the result. 

(b) Shell or Deck Coverings of Wood—On certain types of vessels it 
is necessary to sheath the shell or deck with wood. With a riveted shell 
and deck, the wood must be laid over the rivets, plate seams and butts. This 
requires fitting the wood over these obstructions. Fig. 6, figure (a) shows a 
typical installation of wood on a riveted deck contour. This fitting involves 
considerable labor expense. 

Fig. 6, figure (b) details an arc welded deck design fitted with wood- 
sheathing. Note the absence of special cutting and fitting normally required 
around the riveted joints. 

(c) Safety Treads—In passageways adjacent to doors, safety treads are 
often placed to prevent slipping and excessive wear on the surface. These 
treads are fastened with flat head machine screws which screw into the deck. 




Fig. 4, (left). Insulation details. Fig. 5, (center). Linoleum deck cOTering, Fig. 6, (right). Wood deck covering. 
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Since the deck is not thick enough to provide sufficient threads for the screw, 
and since the connection must be watertight, round pads are welded below 
deck into which the screws are placed. 

Riveted construction, however, calls for a doubling plate, below the deck, 
riveted and caulked. Normally, the treads are installed after the construction 
of the boat is well along, and hence a condition similar to that of installing 
Zee bars is encountered. 

IV. Ventilation—The increasing importance of adequate ventilation has 
brought about a great many installation problems. The ventilating ducts must 
pass through watertight bulkheads and decks and therefore the duct itself 
must not only be watertight, but the joint at the bulkhead or deck must 
be watertight. 

This problem is usually met with the installation of a so called spool at 
the deck or bulkhead, made of heavier metal than the ducts. Fig. 7, figure (a) 
shows a spool of riveted construction. The work involved in the installation 
is as follows: 

1. Drill holes in bulkhead flange of spool. 

2. Cut hole in deck. 

3. Drill rivet holes in deck. 

4. Ream holes. 

5. Rivet (requiring at least 3 men and equipment). 

6. Caulk rivets and flange. 

7. Test. 

The spool shown in Fig. 7, figure (b), details the arc welded construction 
and the installation work is as follows: 

1. Cut hole in deck. 

2. Weld spool in place (1 man). 

3. Test. 

In addition to the reduction in the amount of work as outlined above, 
note the fact that one welder does the work of the three riveters. 

V. Plumbing—Fig. 8, figure (a), shows a typical stuffing box for a pipe 
passing through a watertight bulkhead or deck for riveted construction. Note 
the two castings and bolts and packing required. Fig. 7, figure (b), shows 
a pipe passing through a watertight bulkhead with arc welded construction. 
The construction is simple and inexpensive. 

The two constructions compare as follows: 

(a) Riveted construction. 

1. Make patterns. 

2. Purchase castings. 

3. Machine castings. 

4. Make special bolts and nuts. 

5. Drill watertight bulkhead for rivets. 

6. Rivet casting to bulkhead (3 men required). 

7. Install packing and remaining casting and tighten bolts. 

(b) Arc welded construction. 

1. Weld pipe to bulkhead. 

In the above comparison, work common to both constructions such as 
cutting the hole in the bulkhead for the pipe and testing, has been omitted. 

VI. Electrical Work—Piping and ventilating ducts must pass through 
watertight bulkheads and decks just as electrical cables must pass through 
them. Again a stuffing box is used. However, for riveted construction this 
box must be riveted to the deck or bulkhead. This requires work similar to 
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that outlined for stuffing boxes on piping. Arc welded construction simplifies 
this construction both as to material and labor. 

In wiring a house, it is preferable to keep the wires between joists. The 
joists are drilled near the neutral axis and the wires pulled through. The 
advantage of this arrangement is that it protects the wiring and increases 
head room and clearances. 

In a ship the same problems are encountered, so that it is very desirable 
to have the wires not only protected, but out of the way, eliminating urn 
sightliness. 

When holes are cut in beams or girders, they are necessarily weakened, 
and unless overdesigned to start with, they must be reinforced. Here arc 
welding is our handy remedy. Fig. 9, figure (a), details a wire way through 
a girder reinforced with riveted construction. Figure (b) shows the same 
girder reinforced with arc welded construction. Note first, the simplicity; 
second, the reduced amount of labor required for reinforcement; third, the 
finished job for desirability; and fourth, the appearance to the eye. 

VII. Mast and Boom—(a) Mast Joint. Riveted mast construction has 
always been very difficult and very undesirable for small diameters. In recent 
years, welding has been employed to a great advantage, but, like many recent 
arc welded designs, the fullest advantage of this valuable art has not been 
realised. 

Fig. 10, figure (b) shows a recent arc welded mast joint detail. The 
joint was arc welded, but employed the use of a casting. Fig. 10, figure (a), 
shows the detail of a mast joint designed by the author which is being used 
on ships now under construction. The joint consists of an intermediate she 
piece of pipe arc welded onto the smaller section of pipe and then inserted 
into the larger pipe where it is arc welded. 

Here the author wishes to bring out the advantage of substituting pipe 
for a casting. The cost comparison already indicates the large savings possible. 
Arc welding permits these substitutions and it is this type of design which, 
when properly planned, produces the large savings. 

(b) Boom Joint. Boom construction is comparable to mast construction 
in that castings may be eliminated similar to the mast joint through the use 
of a pipe. 

(c) Shroud Pad Details. Fig. 11, figure (a), details a shroud pad attached 
to a mast. The detail consists of arc welding a pad cut from a plate, into 
the mast. Fig. 11, figure (b) details a pad of riveted construction. This pad 
is a steel casting slipped over the mast and riveted to it. To install this pad 
it is necessary to have a joint in the mast close to the shroud pad so that 
the rivets can be driven. 

VIII. Expanded Metal Construction—A former construction of expand' 
ed metal partitions, as shown in Fig. 12, -figure (a) involved the protrusion 
of the mesh ends through the channel frame and bending them in place. This 
required the drilling of many holes and insertion of the ends of the mesh 
through the channel, which is a tedious task. Figure (b) details an arc welded 
construction currently being used by the author’s employer. After the frame 
is built, the mesh is inserted and tack welded. A very simple operation, when 
compared to the method used in the former construction. 

IX. Miscellaneous Deck Fittings, Bitts and Cleats—(a) Bitts. Fig. 13, 
figure (a) details a Bitt of cast steel which was riveted to a deck. In order 
to obtain sound castings, the wall had to be made heavier than otherwise 
necessary. Figure (b) details a bitt made of arc welded construction built 
of pipe and plate. This bitt is as serviceable as the cast one and is of much 




Pig. 10, (left). Details, mast joint. Fig. II, (center). Details, shroud pad. Fig. 12, (right). Detail, expanded metal. 
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lighter construction. The comparative weights are 432 and 117 pounds for 
the cast and arc welded bitts respectively. 

In addition to the saving of the cost of the bitts themselves, the casting 
had been riveted to the deck, while the arc welded bitt is welded down. 

(b) Cleats—Fig. 14, figure (a), details a cast steel cleat for arc welded 
construction. Of course, the cast steel cleat designated for riveted construe 
tion could be welded to the deck which in many cases was an intermediate 
step to proper arc welded construction. 

The base, however, adds no strength to the cleat and is nothing more 
than excess material which was required for riveting and which is not required 
for arc welded construction. 

Cost Comparison—-Figs. 1 to 14 detail various designs substituting arc 
welding for former types of constructions. In some cases, the new design 
replaces a former arc welded construction, in others riveted construction, and 
in still others a casting replaces a former casting. 

Shipbuilding involves many trades and there is considerable equipment 
made in the shipyard for the vessels. The usual method of cost accounting 
followed in the shipyards is to group the various items such as deck fittings. 
Unless these items are purchased, there is no record as to the exact cost of 
a cleat, bitt, or chock for example. Therefore, to compare former construe* 
tions with new ones it is necessary to compute the cost from available cost 
figures. This method will be employed where necessary in this cost analysis 
or comparison. Some cost figures are available and in these cases will be used. 

In an established shipyard, patterns for many standard fittings are available 
and where this is true, no costs will be included for patterns. Where special 
patterns are required which will not be used again, the cost of patterns will 
be included. 

The costs will be computed for a single item even though its use is re' 
peated many times. For example, the pipe stuffing box may be used many 
times for each of the various sffies of pipe. 

Fig. 1—Shell Buttlaps, Straps and Welded Butts—As stated in Item I, 
the ship’s friction is reduced 7 per cent through the use of arc welded plate 
butts. This will permit a reduction in shaft horse power of that amount and 
still maintain the same speed. A 7 per cent reduction in shaft horse power 
may reduce the cost of the power plant 7 per cent or more, depending on 
the particular vessel. This gives a proportionate cost savings of 7 per cent. 

Figs. 2 and 3—Insulation Details—The cost of applying insulation board 
over riveted construction is approximately $.12 per square foot, while the 
reduction in labor involved due to the use of arc welded construction reduces 
this cost to $.085 per square foot. This gives a proportionate savings of 29 
per cent for this work. 

Fig. 4—Insulation Details. 
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Figure (a) 
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Arc Welded Construction Costs 
Figure (b) 


Angle .------- . 8 # @ $ .025 $ .02 

Arc Welding ---25' @ .08 .02 


Total per lineal foot_________$ .04 

Savings per lineal foot----$ .75 

Proportionate Cost Savings______ 95 % 


Fig. 5—Linoleum Deck Covering—The elimination of the extra work 
involved in preparing the deck for laying linoleum has reduced the cost from 
$ 3.00 to $2.25 per square yard, including the linoleum. Allowing for the 
cost of the linoleum, the comparative costs of laying the linoleum would be 
$1.50 and $.75 respectively. This represents a saving of $.75 per square 
yard, or a proportionate cost savings of 50 per cent on the work of laying. 

Fig. 6 —Wood Deck Covering—Wood Decking or shell sheathing laid 
over riveted construction costs about $.32 per square foot for installation 
of a decking 2 inches thick. When the shell or deck riveted seams and butt- 
laps are eliminated, this cost is reduced to $.25, making a saving of $.07 
per square foot or a proportionate cost saving of 22 per cent. 





Fig. 13. Detail, 6-inch bitt. 
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Fig. 7—Ventilation Spool Details. 

Riveted Construction Costs 


Extra flange on casting. 

Machining .. 

Rivets-- 

Driving —-- 

Drilling - 

Bolting ....-. 

Caulking .. 


Figure (a) 


.11# 

@ $ 

.15 



$1.6? 

1 hr. 

@ 

1.12 



1.12 

16 

@ 

.01 



.16 


@ 

6.00 

per 

C 

.96 


@ 

2.50 

per 

C 

.40 


@ 

1.50 

per 

C 

.24 


@ 

.04 

per 

ft. 

.12 


Total __—.—.$4.65 

Arc Welded Construction Costs 
Figure (b) 

Arc Welding.2 X 3' @ $.14 $ .84 


Savings ...-.-.$3.81 

Proportionate Cost Savings.,--82% 


Pig g—Stuffing Box Detail—Since the stuffing boxes are made standard 
for the various sise pipes, no allowance will be made for the patterns required. 

Riveted Construction Costs 
Figure (a) 
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Arc Welded Construction Costs 
Figure (b) 

Welding _____1.25' @ .10 $ .13 


Savings _______$7.59 

Proportionate Cost Savings____98% 


This saving is almost the entire cost of the stuffing box and installation. 
Fig. 9—Wireway Details. 

Riveted Construction Costs 
Figure (a) 
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Fig. 14. Detail, cleat. 

Arc Welded Construction Costs 
Figure (b) 

Spool Casting ... ....2 # X -32 $ .64 

Welding . 2 X 1.5' X -10 .30 

Total _________.94 

Savings . $1.38 

Proportionate Cost Savings___ 59% 

Fig. 10—Mast Joint Details. 

Former Arc Welded Construction Costs 
Figure (b) 

Casting _ 170# @ $ .16 $27.20 

12" Standard Pipe__ .5' @ 2.25 1.12 

10" Standard Pipe_ .5' @ 1.64 .82 

Total _ $29.14 


Present Arc Welded Construction Costs 
Figure (a) 
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$ 1.51 
2.25 
2.25 


Total ....___..._$ 6.01 

Savings _____$22.13 

Proportionate Cost Savings.....—.79% 


Welding costs have not been computed, as they have been assumed to be 
equal, although the costs in Figure (a) would be somewhat less than for 
Figure (b). 
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Fig. 11—Shroud Details. 


Riveted Construction Costs 
Figure (b) 


Casting ___ 

-i54# 

@ 

$ .16 

$24.60 

Machine work ____ 

.5 hrs. 

@ 

1.12 

5.60 

Riveting____ 

_24 riv. 

@ 

.11 

2.64 

Total _ _ 




..$32.84 

Arc Welded Construction Costs 



Figure (a) 





Shroud Pad Steel... 

—42# 

(a) 

$ .06 

$ 2.52 

Burning Hole in Mast_ 

... 2.2' 

@ 

.08 

.18 

Welding _ 

... 2.2' 

@ 

.92 

2.02 

Total ______ 




..$ 4.72 

Savings ___ 




..$28.12 

Proportionate Cost Savings. 




- 86% 


Fig. 12—Expanded Metal Detail. 

Former Arc Welded Construction Costs 
Figure (a) 

Drilling Holes 5? Assembly per square foot.$ .08 

Present Arc Welded Construction Costs 
Figure (b) 

Arc Welding ________$ .03 


Savings ___ 

Proportionate Cost Savings____ 

Fig. 13—Bitt Detail. 

Riveted Construction Costs 
Figure (a) 
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Arc Welded Construction Costs 
Figure (b) 
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Fig. 14—Cleat Detail. 


Riveted Construction Costs 
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Arc Welded Construction Costs 
Figure (b) 


Castings ----- 2# @ $ .32 $ .64 

Welding ....__.67' @ .18 .12 


Total______$ .76 
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Proportionate Cost Savings.......88% 


Table I—Summary of Costs 


Fig. 

No. 

Unit Cost 
Former 
Construction 

Unit Cost 
Present 
Construction 

Savings 

Proportionate 

Cost 

Savings 

1 




7% 

29% 

2 

$0.12/sq. ft. 

$0.085/sq. ft. 

$0.035/sq. ft. 

3 

.12/sq. ft. 

.0S5/sq. ft. 

•035/sq. ft. 

29% 

4 

.80/Iin. ft. 

.04/lin. ft. 

•76/lin. ft. 

95% 

5 

1.50/sq. yd. 

.75/sq. ft. 

.75/sq. yd. 

50% 

6 

.32/sq. ft. 

.25/sq. ft. 

.07/sq. ft. 

22% 

7 

4.65 

.84 

3.81 

82% 

8 

7.72 

.13 

7.59 

98% 

9 

2.32 

.94 

1-38 

59% 

10 

29.14 

6.01 

23-13 

79% 

11 

32.84 

4.72 

28.12 , 

86% 

62% 

12 

.08/aq. ft. 

.03/sq. ft. 

.05/sq. ft. 

13 

75-54 

9.88 

65-66 

87% 

14 

6.17 

.76 

5-41 

88% 


Conclusion—Normally, one thinks of the advantages of arc welded ship 
construction as being limited to increased strengths and a decreased hull weight 
which permits greater pay loads. These thoughts are widespread and much 
effort and time has been devoted to the improvement of these design details. 

However, there are other advantages such as the savings in machinery 
costs or the reduced installation costs of deck coverings or insulation. These 
additional savings are possible through the application of such arc welded 
designs as are outlined in this paper and have been termed “hidden advantages 1 ’ 
by the author. 

The cost savings have been summarised in Table I for each of the various 
redesigns. As will be noted, the arc welded construction shows a propor" 
donate cost savings of from 7 to 98 per cent. Since each of the various details 
are repeated many times over in a vessel, the total savings accruing from 
these designs amount to 2% P er cent of the vessel cost. 

There are many similar designs which, for the lack of time in preparing 
such a large project, have not been detailed. If these additions are included, 
a total cost savings of about 8 per cent of the vessel’s cost is possible. 

Based upon the work under contract by my employer, cost savings of 
approximately $3,500,000 will be realised through the adoption of the arc 
welded constructions outlined in this paper. 

The total estimated cost savings accruing to the shipbuilding industry 
through this adoption of arc welded construction would amount to $600," 
000,000 annually. 

In addition to the advantages already mentioned in this paper, there are 
many others which are as follows: 
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1. Arc welding constructions produce simplicity, which is modern and 
eliminates unsightliness. 

2. Safety hazards, such as loose linoleum on a deck are eliminated, saving 
life and expense. 

3. Increased service life is the result of better initial installations of deck 
covering and insulation. 

4. Less time is required for construction, which is very important at this 
time. 

Much progress has been made in the past, much progress is being made 
today, and more progress will be made in the future in this great field of arc 
welded construction. In fact, the improvements in ship construction have 
been so tremendous since the inception of arc welded construction that it 
might be said in conclusion that modern day ships could not be built without it. 



Chapter II—Quantity Production of Cargo Carriers 

By George W. Hawkins, 

Consulting Engineer, Anderson }{ichols Associates, Boston and Kiew York 


Subject Matter: This is a rather complete proposal for the 
establishment of a shipyard to build standardised 100% welded 
cargo carriers of any size up to 500 feet, in which the concept 
of prefabrication is carried much farther than in any existing 
yard. All curved plates are formed under the hydraulic press; 
frames are bent cold and cut to length, all parts, including sub" 
assemblies being made with sufficient accuracy to avoid fitting. 
A moving assembly line completes the picture of technique 
familiar in other industries (e.g. automotive) applied to ship 
construction. Savings of 37.5% of existing costs are claimed 
and a production capacity of one ship per shift anticipated. 

George W. Hawkins 



I, Summary—This paper presents general designs and estimates of cost 
and performance for a shipyard for producing cargo carriers in quantity. 
The plant, as described and illustrated, is the result of an extended period 
of research by a group of engineers, naval architects, shipbuilders, produc" 
tion specialists, industrialists and others. It is of unique design possessing 
many characteristics and utilizing many methods and processes entirely 
foreign to the usual conventional shipyard. The pertinent facts are sum" 
marized as follows: 

(1) , Size of Ships—The plant will produce standarized welded cargo 
carriers in any size up to 550 feet in length. 

(2) , Prefabrication—The idea of prefabrication has been carried much 
further than in any existing shipyard. Complete keels and larger portions 
of completed bows, sterns, double bottoms, sides, bulkheads, decks and 
superstructures are prefabricated separately and simultaneously. These parts 
are made in sections weighing from 90 to 300 tons each. 

(3) , Prefabrication Space—This extensive and simultaneous prefabrica" 
tion requires an immense platen area—many times that employed in our 
most progressive present day shipyards. This large area has been subdivided 
and disposed so that each part is available where and when required for 
assembly into the complete ship, requiring minimum handling. The entire 
fabricating space is enclosed and roofed in order to facilitate continuous 
production and to eliminate unnecessary delays. 

(4) , Warehousing—-The warehousing arrangement is unique. Not only 
is the warehouse space far greater than usual, but it is arranged and 
equipped so as to make each piece of equipment and material and each kind 
of supply available just where and when they are needed. This calls for the 
separate storage of each kind of equipment, material and supply, and the 
segregation of these in the exact quantities required by the ship so that they 
will be ready for delivery to the ship exactly when required and with mini" 
mum handling. 
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(5) , Crane Capacities—Crane capacities are greatly increased through¬ 
out all departments as compared to any existing shipyard. These range 
up to as high as 300 tons depending upon requirements in each case. 
There are many cranes of 100 tons capacity. These crane capacities are 
necessary in order to handle prefabricated parts of the sizes contemplated. 

(6) , Plate Forming—All curved plates are cold formed and cut to 
exact size and shape by means of powerful hydraulic presses and steel 
dies. This is a far cry from the crude laborious methods in general use in 
the conventional yard. Plates are accurately and rapidly formed and cut 
by this method. There is little need, therefore, to compromise with the 
hull design in order to reduce cost or increase speed of production, because 
a ship of excellent lines can be built just as cheaply as one of square and 
triangular sections. 

(7) , Frame Forming—Frames are cold bent, notched and cut to length 
by hydraulic press and forms—a far quicker and more accurate method 
than that usually employed. 

(8) , Production Line—Ship erection is on assembly line instead of 
on the usual shipway, so that work is brought to the men instead of 
men to the work. This means a highly trained force for repetitive opera¬ 
tions with a consequent saving in man hours required. No cutting or fitting 
is necessary on production line as all parts and sections are precision made. 

(9) , Fixtures—All sub-assemblies as well as the ship on the main 
assembly line are built to an accurate system of steel fixtures so as to save 
time in assembly fitting and to insure accuracy of all parts and of the com¬ 
pleted ship. 

(10) , Distortion Control—Unusual means are employed to minimize 
distortion of parts and of the ship due to internal stresses incurred while 
welding. Included among these methods is a system of cooling in such a 
manner as to confine the heated portions of the metal to minimum areas. 

(11) , 100 Per Cent Welding—The hulls and superstructures are to be 
100 per cent arc welded. No rivets whatever are used. Modem weld¬ 
ing methods and results make this plan feasible. This means a lighter fin¬ 
ished ship, greater cargo carrying capacity and lower resistance (hence less 
power required) for a given speed. Furthermore, the millions of rivets 
needed for large ships would slow up production to such an extent as to 
render impracticable a real production plan of this type. 

(12) , Complete Plant—The proposed plant will have facilities for the 
production of main and auxiliary engines as well as a certain portion of 
the required auxiliary equipment usually obtained from outside sources. The 
plant will be more nearly self-contained than any existing shipyard. It will 
produce its own forgings and gears and its own steel, iron, brass and alumi¬ 
num castings. In addition to the production portion of the plant proper the 
equivalent of 19 conventional shipways have been provided, most of which 
are available for use as dry docks. 

(13) , Launching—Launching is by means of electric locomotives and a 
system of locks instead of the usual launching ways. 

(14) , Completion Before Launching—Ships are completed and out¬ 
fitted before launching. All parts of exterior and interior are accessible 
until the ship is launched. There is no need for the usual drydocking after 
trials. 

(15) , Use of Scrap Metal—Scrap metal from shipbuilding operations 
will be used in the iron and steel foundries, thus effecting a further mate¬ 
rial saving in cost and in time of construction. 
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(16) , Incidental Facilities Unusually complete Hospital, first aid, locker 
rooms, restaurant and canteen systems are included. 

(17) , Plant Output—On the basis of three shifts per day and 360 
days per year, the plant will have a capacity to produce 6,000,000 dead 
weight tons of shipping per year, or more if the si2;e of the ship is increased 
beyond that used for comparative estimating purposes in these pages. 

(18) , Comparative Output—Compared with the proposed plant, the 
conventional shipyard (based upon highly efficient management and the 
most modern facilities) would require not less than 290 shipways m order 
to produce the same 1156 ships per year of the same design. 

(19) , Investment—The estimated cost of land, plant and equipment 
complete for the proposed production plant is $150,000,000. 

(20) , Comparative Investment—According to figures provided by the 
U. S. Maritime Commission, the first cost of 290 shipways with the neces¬ 
sary outfitting docks, shops, warehouses, yard equipment, etc., would amount 
to $435,000,000, or nearly three times that of the proposed production 
plant of equal capacity. 

(21) , Saving in Production Costs—The production plant will operate 
at a great saving in cost of ships produced as compared with the cost of 
similar ships built in the conventional yard. This saving will amount to 
over $500,000,000 per year which is equivalent to over one-third of present 
cost. 

(22) , Saving vs. Investment—From (20) and (21) it follows that 
the proposed plant will pay for its entire first cost in savings effected in 
less than four months’ operation. 

(23) , Other Types of Vessels—It will be quite feasible to produce 
naval vessels in certain categories, if desired, at comparable speeds of 
production and at large savings in cost. These could include submarines, 
sub-chasers, corvettes and destroyers. Tankers also could be produced read¬ 
ily in this plant. 

(24) , Time Required for Completion—The plant can be in full pro¬ 
duction within twelve months from date of approval. 

II, Purpose—The present day conventional shipyard is the outgrowth of 
the experience of several hundred years. It represents, probably, the best 
method of building ships for the conditions which brought about its develop¬ 
ment. These conditions call for a plant capable of turning out an almost 
endless variety of ships, as regards sffie, type and design, to suit a long list 
of requirements, and also to suit the personal whims of the ship owner and 
Naval Architect. The necessity of meeting these multitudinous conditions 
has brought about a jobbing type of plant as contrasted to a production 
plant and this jobbing plant is characterised by all of the inefficiencies, high 
cost operations and slow speed of production which are inherent in other 
jobbing shops in all lines of manufacture. In fact, the size and weight of the 
ship structure, its complication and intricacy of detail and the waterfront 
conditions under which it is built have combined to produce a particularly 
slow and wasteful method of manufacture. 

The World War has now changed conditions radically. The prime 
desideratum is not the building, by slow relatively wasteful methods, of 
every conceivable sffie, type and design of ship, but it is the production of 
the maximum tonnage possible in the shortest time and at the lowest cost. 
The first obvious step in such a program consists of adding to existing ship¬ 
yards as many additional shipways, outfitting docks, shops, warehouses, dry- 
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docks, etc., as conditions will permit. The second step is the establishment 
of new shipyards at such locations as seem feasible from physical, managerial 
and labor standpoints. These two steps have been taken already by the 
United States Maritime Commission. 

The purpose of this paper is to outline a further step which it is felt 
would be highly advantageous under existing conditions, and which would 
effectively supplement the steps already taken. This step consists of the 
building of a continuous production shipyard designed and equipped to pro- 
duce cargo-carriers or other types of vessels, if desired, in quantity, at a high 
rate of speed and at minimum cost. Such a program calls for definite stand- 
ar dilation. 



Fig. 1. General arrangement of shipyard. 
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This paper describes and illustrates such a plant. It presents estimates 
showing the investment required. It indicates the rate of production to be 
expected. It compares the cost of shipbuilding by present conventional 
methods with the cost of the finished ship produced by the proposed method. 

The art of shipbuilding has continued for a long period of years in a 
static state. Until the last three or four years, very little in the way of 
fundamental improvement either in equipment or method has been intro¬ 
duced. For years this industry fought tooth and nail the application of arc 
welding to the construction of ship hulls and superstructures, in spite of the 
known advantages of weight saving and lower cost of fabrication to be real¬ 
ised. It was not until the last three or four years that this prejudice was 
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overcome, and as a matter of fact, it is not entirely overcome at this date. 
However, the adoption of arc welding to a varying extent by the majority 
of shipbuilders marked the first big improvement in shipbuilding in several 
decades and in turn made possible further improvements to follow. 

The next steps are just now in process of development. The foremost 
of these is a tremendous increase in the quantity of prefabrication. The old 
time ‘Tab shop” has been increased many fold both in si2;e and number 
so that parts for a single ship can be fabricated in several places at one and 
the same time. In this way a larger number of workmen can be employed 
on the construction of one ship than is possible where each piece is fitted 
on the ways, and in addition, the work can be performed in more convenient 
and satisfactory positions than are possible when working in the hull itself, 
Down welding is substituted for overhead and vertical welding. The net 
result is a further material saving in time and cost. 

This expansion in prefabrication calls for a large increase in ground area 
per shipway so that the old time shipyard with its already crowded and 
inadequate shops and storage facilities is often physically unable to take 
advantage of the newer methods. 

The next improvement sprang directly and naturally from the increased 
prefabricating facilities. This consisted of prefabricating larger and larger 
parts. This “before the ways” type of heavy construction is just now being 
evolved. In one western shipyard an entire superstructure is prefabricated 
and handled in one piece from welding platen to ship by a special 200 ton 
crane. Here again the old yard is handicapped by the relatively low crane 
capacities usually installed. 

The production plant described herein utilises all of the latest develop¬ 
ments in shipbuilding practice and carries them to a much further point than 
has heretofore been done, and in addition new methods are described for 
still further reducing costs and increasing production rates. 

The data in this report are presented as a contribution which, it is hoped, 
may be one of the determining factors in the outcome of the present World 
War. 

Ill, Description of Plant—In general, the proposed plant consists of a 
production line upon which the ships are assembled; production departments 
and warehouses in which sections of the ships and equipment therefor are 
produce and/or stored; a system of locks for the launching of the ships and 
for the admission of outside ships to dry dock for painting or repairs; ship¬ 
ways for the building of ships somewhat in the conventional manner; shops 
for the production of forgings, castings, gears, Diesel engines, piping, sheet 
metal work, fabricated parts and other equipment; miscellaneous buildings 
and equipment including power station, water supply, fire protection, com¬ 
pressed air plants, oxygen-acetylene plant, paint shops, locker rooms, offices, 
hospital, cafeteria, gate houses, etc.; distribution systems for power, light, 
fuel, water, air, oxygen, acetylene, etc.; and the required roads, railroads, 
parking areas, wet docks, watch towers, fencing and other necessary yard 
improvements. 

The general arrangement of the proposed plant is shown upon drawing, 
Fig. 1, and sections through various portions of the plant are shown upon 
drawung. Fig. 2. 

Production Line—The production line is about 14,000 feet long. It is 
divided Into two sections each of approximately the same length. The first 
section starts at a series of shops where are produced trucks, carrying sad- 
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dies, fixtures, and keels; and ends at a transfer table where the ship is trans- 
ferred to the return production line. This return line or second section 
terminates in a system of launching locks. 

The production line proper consists of seven runs of steel trackage 
mounted upon reinforced concrete foundations which in turn are supported 
by creosoted piling. These tracks carry specially designed structural steel 
trucks, each truck being 70 feet wide and 80 feet long carried on 56 wheels. 
Several trucks are combined to form one structure, the number depending 
upon the size of ship being produced, and this structure moves along the 
line continupusly at a very slow rate of speed. This rate will vary with the 
length of ship being constructed, but generally will be such as to provide 
for the launching of one ship per day for ships 350 feet long, somewhat less 
frequent launchings for longer ships, and more frequent launchings for 
shorter ships. 

The ships are to be built by precision methods to a rigid system of 
templates and fixtures. The fixtures are mounted upon the trucks and form 
a part thereof. 

Shipways—Near the upper end of the production line adjacent to the 
upper transfer table there will be located six take-off ways. The transfer 
table is so designed that ships under construction reaching the upper end 
of the production line may be transferred to the return line, or, if it is 
necessary or desirable, to one of the six take-off ways. This feature adds 
a certain flexibility to the production line. 

At the lower end of the production line a transfer table is also provided 
which allows for the ship to go to one of three places: (1) to the launching 
lock where it is launched by a method to be described later, (2) to one of 
seven finishing ways where it may be stored while paint is drying or for 
any changes which may seem necessary, or (3) to any one of six ship-build¬ 
ing ways where it may undergo major changes if these are required. This 
makes a total of 19 shipways where ships may be altered, repaired or built 
by the usual methods; and where any ship, not required in sufficient quan¬ 
tities to justify cost of forms and fixtures, can be built by conventional 
methods. 

Locks—There are two sets of locks, one set for the launching of com¬ 
pleted ships from the production line; and one set for the admission of out¬ 
side ships of any size or type, permitting such ships to be raised to the level 
of the shipbuilding docks and drydocked therein for required repairs. 

The two sets of locks are provided with centrifugal pumping equipment 
for filling and emptying the locks, one into the other or either into the 
sea. The complete operation of launching, including time required for haul¬ 
ing ship and its supporting trucks into place in upper lock, closing of lock 
gates, flooding with water until ship floats, towing ship to outboard end of 
lock, lowering water to sea-level, opening gates, and towing ship beyond lock 
gates, will require not over two hours. 

Ship and trucks are hauled into locks and handled therein by means of 
electrically operated locomotives running on gear tracks located on lock 
walls. Gates and centrifugal pumps are also electrically operated. 

Wet Docks—The waterfront is provided with over 6,000 lineal feet oi 
wet docking space. 

Production Departments—The departments for producing sub-assemblie; 
are located along the production line. Some of these including the bo'w 
assembly, the stern assembly and the super-structure assembly departments 
are equipped with their own sub-production lines. The locations of thes< 



Fig. 2. Section* through shipyard. 


departments will be made plain by referring to the accompanying drawings. 
The size of each department is such as to provide for storage of steel plates, 
shapes, and other raw materials and equipment, the fabrication of these 
raw materials into the part or parts desired and the storage of sufficient 
quantities of cut and formed plates and shapes and finished assemblies so 
:hat no bottlenecks will occur in the operation of the departments. 

It will be noted that the ships are assembled in relatively large pieces. 
The keel reaches the production line in one piece. The entire bow assembly 
's in one piece as is also the stern assembly. These two assemblies are not 
aandled by cranes in their completed state but are each built directly upon 
one of the 70 feet by 80 feet trucks. When each of these assemblies is 
completed, it joins the main assembly line, the bow just forward of three 
:rucks carrying the keel and the stern just abaft. These five trucks are then 
:oupled together so as to carry the entire ship. 

Forming—Hull and super-structure plating, where curved, will be cold 
: ormed and cut to shape in hydraulic presses over metal forms. Forming and 
rutting presses will be provided in each department where this work is to be 
lone. Presses for hull plating will be equipped with platens 12 feet wide by 
(-0 feet long. 
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Double Bottoms—The double bottoms are fabricated into sections 70 feet 
to 80 feet long depending upon the size of the ship and wide enough to 
extend from the keel to the framing members of either side. Each half sec¬ 
tion of double bottom is held in place on the production line by appropriate 
fixtures, where it is welded to the keel structure. It should be noted that 
the double bottom sections are complete with shell plating and tank-top 
plating. 

Sides—The sides are fabricated in lengths up to 100 feet and are com¬ 
plete with framing, web frames, stringers and outside plating. They are 
placed in position on the production line, held in place by a system of fix¬ 
tures, and are welded to double bottom assemblies. 

Bulkheads—Each bulkhead is fabricated into a complete structure includ¬ 
ing watertight doors and frames, all stiffeners, etc. They*are lowered into 
the ship where they are securely held in place by the system of templates 
mentioned while being welded. 

Stanchions and Girders—Stanchions and girders for supporting decks 
are fabricated in the same manner, lowered into holds and welded in place. 

Decks—Deck assemblies are provided in lengths up to 100 feet and are 
fabricated with deck beams, hatch openings, combings, scuppers, etc. They 
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are likewise located and held by the system of fixtures and welded to the 
structure on the assembly line. 

Hatch covers and hawse pipes are assembled and installed in a similar 
manner. 

Powering of Ships—The ships are to be powered by Diesel engines each 
equipped with its own self contained auxiliaries. The selection of Diesel 
engine power is not a question of economics, but is brought about entirely 
by the necessity of obtaining maximum installation speed on the assembly 
line. A complete Diesel engine plant of ample capacity for producing all 
main and auxiliary engines required for these ships is part of the plant, thus 
eliminating one major bottleneck to be found in all shipyards at the present 
time. These Diesel engines may be of any type and make desired by the 
Commission. They will be manufactured under a license agreement to be 
made with the present manufacturer. 

Upon completion and testing, main and auxiliary engines will be moved 
from the engine production plant to the main and auxiliary engine depart¬ 
ments adjacent to the production line, where they will be accurately mount¬ 
ed upon steel foundations upon which they will permanently operate in the 
ship. Sufficient space in these departments will be provided so that each 
engine will undergo a run-in period of 30 days before final assembly in the 
ship, after completion of which it will be lifted into the engine room where 
it will be rapidly lined up with propeller shafting in accordance with a pre¬ 
arranged system. 

Auxiliary machinery, such as various pumps, heat exchangers, etc., which 
cannot be mounted with the mam engine, together with the necessary piping 
all cut to exact length and bent to exact shapes will be provided from the 
last departments on the upside of the production line. 

Superstructures—From this point the ship moves onto the upper transfer 
table and under normal operation is transferred to the return side of the 
production line where the first operation consists of the installation of the 
midships and aft superstructures. Each of these superstructures is assembled 
in one piece (except in the case of ships of maximum size where the weight 
would be too great. In such cases the superstructure would be fabricated in 
two pieces). These superstructures are taken from the production depart¬ 
ment sub-assembly line and hoisted into position on the ship by means of a 
300 ton overhead travelling crane. 

Additional Departments—Continuing along the return run of the pro¬ 
duction line, the ship is then provided in order with stacks and boilers; 
machine shop and crane equipment, ladders, gratings and railings; masts, 
booms and rigging; tail shafts and propellers, rudders and steering gear; 
switchboard, batteries and wiring; concrete ballast; non-conducting cover¬ 
ing; lubricating oil equipment; winches and chocks; bits and capstans; ven¬ 
tilating equipment and ducts; plumbing; port lights and windows; lighting, 
wiring and fixtures; controls and instruments; wireless equipment; inter¬ 
connecting and marine telephone systems; engine room telegraph system; 
navigation equipment and search lights; anchors and chains; laundry and 
hospital equipment; deck sheathing; fore and aft armament; joiner work; 
galley equipment; life rafts and boats; davits and operating mechanism; 
cargo lines and blocks; fire-fighting equipment; lubricating oil and grease; 
furniture; bosum’s stores; carpets and drapes; linen and blankets; galley sup¬ 
plies, silverware, glassware, and dishes; and miscellaneous stores. 

Painting—Each ship has three coats of paint before launching. One coat 
of paint constitutes the final operation in each of the fabricating depart- 
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xnents. After each section is welded in place on the ship, the welded joints 
and portions of the metal adjacent thereto are painted. These operations 
constitute the first coat. There are two paint shops located at convenient 
points on the return production line. Each of these paint shops provides one 
additional coat of paint during the construction period. 

Handling and Erection—Necessary overhead travelling cranes are pro¬ 
vided in each department and are of required capacity for handling the com¬ 
pleted sub-assemblies in each case. There are a total of 300 cranes provided 
for all departments. On the production line, the upper take-off ways, the 
lower take-off ways, the shipbuilding ways, and along the docks, revolving 
gantries are used. Special 100 ton gantries are required for the heavier 
assemblies on the “up” production line. 

The remaining gantries are of 50 tons and 35 tons capacity as required. 
It should be noted that no cutting or fitting whatsoever is done on the 
assembly line. Each sub-assembly is produced by precision methods and in 
accordance with rigid standards on a system of fixtures provided for the 
purpose in each department. 

Welding—Sub-assemblies are completely welded to ship structure on 
production line. No riveting whatsoever is used. 

Every possible precaution is to be taken against warping and distortion 
due to locked-up stresses. These precautions will include carefully simpli¬ 
fied designs for equalising stresses as far as possible; the use of an improved 
welding technique; adequate water cooling of all members being welded 
so as to restrict heated portions of metal to minimum areas; the use of small 
electrodes; the use of reduced voltages; a carefully worked out sequence of 
welding; back welding; and reduced welding speeds. Careful studies and 
research have shown that by the use of these methods, distortions can be 
practically eliminated but at the expense of a somewhat higher welding cost 
per foot. But inasmuch as this higher cost of welding per lineal foot is 
usually more than overcome by the high cost of necessary flame straighten¬ 
ing where sloppy welding methods are employed, the net additional cost, 
if any, is insignificant. It is therefore felt that the attainment of fair hull 
lines and superstructure lines without distortion is worth far more than any 
slight additional cost which may be involved. 

Inspection—Rigid inspection is a necessary part of a plant of this type. 
Each operation is thoroughly inspected in the various departments and on 
the production line. Any part or any sub-assembly not up to standard must 
be rejected before it reaches the assembly line. Work on the assembly line 
must proceed under the most rigid system of inspection. Tolerances in sub- 
assemblies can be held to inch. 

Fabricating Shop—Passing now to the facilities for servicing the shipways, 
it will be noted, that a large fabricating shop is provided for supplying 
fabricated parts for ships being built in the conventional manner on any of 
the 19 shipbuilding ways. The second floor over the fabricating shop is to 
be utilised as a mold loft. 

Steel Foundry and Steel Scrap—The space between the fabricating shop 
and foundry is to be utilised for the storage of steel scrap from the various 
departments of the plant. In most shipyards the steel scrap, which repre¬ 
sents a large percentage of the total steel used in ship construction, is wasted 
or disposed of to scrap dealers at an extremely low price per ton. Some¬ 
times this price hardly justifies the cost of cutting the scrap into sizes and 
shapes required. In the proposed plant all of this steel scrap will be used 
in a large foundry designed and equipped to produce steel, iron, brass and 
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aluminum castings. The large steel castings required such as for anchors, 
hawse pipes, stern frames, bits, etc., will consume a large portion of the 
scrap. The remainder will be required for the smaller castings needed. 

In a plant of this si^e, where the output will amount to one complete 
ship per day, foundry operation becomes necessary not for economic reasons 
but to help in eliminating other bottlenecks now present in all shipyards, 
vU.: steel castings of the types mentioned and necessary gear and gear 
casings all of which will be made in the proposed plant. 

Woodworking Shop—-The two story wood working shop will be of 
ample capacity for the production and storage of patterns, joiner work, deck 
sheathing, etc. 

Machine Shop—A well equipped shop will provide all necessary finished 
and machined parts except those for the Diesel engines which will be ma¬ 
chined in the Diesel engine shop proper. 

Forge Shop—The forge shop will provide all forgings necessary. 

Pipe Shop—The pipe shop will provide the piping departments at the 
upper end of the production line with the necessary flanged and screwed 
piping accurately cut, bent and finished to size and shape. It will also sup¬ 
ply piping for ship construction on the shipbuilding ways. 

Tool Rooms—The central tool room will occupy its own building. The 
management of this tool room will be responsible for all small tools and 
equipment used throughout the plant. It will have under its jurisdiction 
sub-tool rooms located throughout the plant at convenient points. 

Riggers’ Shop—The riggers’ shop will supply the necessary fitted rigging 
with clips, rope thimbles, turnbuckles, shackles, eye bolts, etc., for rapid 
assembly on the production line. It will also furnish the same items for 
ships being built or repaired at the shipbuilding ways or at the wet docks. 

Sheet Metal Shop—The sheet metal shop will produce all sheet metal 
parts to templates for rapid assembly on the production line. It also will be 
equipped to produce any special sheet metal work required for any ship 
being built or repaired at the shipbuilding ways or at the wet docks. 

Dock Service Buildings—Four dock warehouses are provided for serv¬ 
icing wet docks and shipbuilding ways. 

Yard Equipment—The necessary yard equipment is to be provided con¬ 
sisting of Diesel locomotives and locomotive cranes, gondola and flat cars, 
stake body, dump and pick-up trucks, automotive equipment, caterpillar 
cranes, truck cranes, fire engines, hose and ladder carts, ambulances and tug 
boats. 

Power Station—-A power plant having a rated capacity of 37,500 K.W. 
is located, as shown, together with the necessary fuel oil storage tanks. 

Miscellaneous Buildings, Etc.—Garage buildings are provided for office 
cars and for trucks and other automotive equipment. Wash and locker 
rooms are installed adjacent to gates. The central hospital is to be located 
in the area shown and first aid stations are to be located at convenient points 
throughout the plant. 

The plan calls for a safety department building, police department 
building, a fire department building and an employment office all located 
at convenient points. 

A separate maintenance plant for mechanical and electrical equipment 
will likewise be required as well as a main office building for administrative 
and executive officers and for the office force. 

A restaurant building will be installed together with canteens located 
at convenient points throughout the plant where hot meals can be served 
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to the workers. A parking space sufficient for all employees as well as for 
visitors to the plant will be located on either side of the property as shown 
on the plans. Numbered gates and time clocks will be located along each 
parking lot so as to give ready admission for workers to that portion of the 
plant where they are employed. 

The plant will be provided with the necessary trackage to accommodate 
large quantities of raw materials daily required for every department of the 
plant, and for the interchange of equipment and materials between depart' 
ments and shops. Hard surfaced roads will also connect to various portions 
of the plant so that all buildings will be accessible both to rail and road 
equipment. 

The entire plant will be fenced with ten foot wire mesh fencing as indi- 
cated on the plans. & 

IV, Capacity of Plant—When this plant was laid out, it was intended to 
have a capacity of approximately 1,500,000 deadweight tons of cargo car' 
tiers per year working one shift of eight hours per day. The actual yearly 
tonnage output will vary over a considerable range depending upon the spec' 
locations of the ship to be produced and the number of shifts per day 
worked. Under war conditions it is to be taken for granted that the plant 
would operate continuously and the following figures are therefore based on 
three shifts per day. 

It should be realized that the predetermination of the actual yearly out' 
put is a somewhat difficult matter. While the man hours required for each 
operation are fairly well established under usual conditions, the gains in 
efficiency due to bringing the work to the man and to specializing' in repeti- 
tive operations cannot be accurately forecast. This has resulted in the 
assignment of space and labor for each operation undoubtedly in excess of 
actual requirements, especially after the workmen have been thoroughly 
trained in their several functions. 

Typical Ship In order to determine the annual output of the plant as 
nearly as possible, a typical ship of one of the smaller sizes was designed. 
This ship was kept as simple in design as practicable to facilitate production. 
Ihe characteristics of the ship selected are as follows: 

Length over all.375' Draft . 20' 

Length on W.L.....350' Block Coefficient.... 75% 

^ eam .-. 50 ' Displacement, tons..7,500 

Assuming a speed of 16 knots, slightly less than 4,800 shaft horse- 
power, are required. Two 2,400-horsepower Diesel engines were selected 
operating at 750 revolutions per minute with three to one gear reduction 
turnmg twin propellers at 250 revolutions per minute. Engines are located 
9 <rn en ^S. e ^ rives a 2 00 kilowatt generator, in addition to which, one 
~/ U Luowatt Diesel engine driven auxiliary set is provided for port use. 

uxmaries not included with main engines are installed on one flat and 
a small machine shop with crane on another flat. 

The ship is of two deck construction divided into four holds and tween 
decks and is provided with double bottoms of conventional design. Two 
superstructures are provided, one amidships for officers quarters, wheel 
ouse^ navigating bridge, etc., and one aft for petty officers, crew, galley, 
etc ruel capacity is provided sufficient for a radius of action of 10,000 

mih>cs * 
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The calculated weight distribution of the vessel is as follows: 

Hull and machinery (light weight) 4,636,000 lbs.—2,070 tons 

Fuel . 600 tons 

Water . 100 tons 

Crew and stores... 25 tons 

Cargo .4,705 tons 

Total dead weight-..... .5,430 tons 

Displacement .7,5 00 tons 

Rate of Production on Line—Each ship is mounted upon five trucks and 
travels on the production line at an average rate of approximately one foot 
per minute. At this rate, one ship per shift or three ships per day would 
be completed and launched. 

Allowing for the time required for truck, saddles, fixtures and keel 
assemblies, the time consumed in adding bow and stern assemblies and their 
trucks, the time required on the production line proper, the time required 
in the upper transfer table and the time required for launching, each ship 
would be in course of construction for a total of 288 hours or 12 days. 

Ample labor has been assigned to the assembly line to complete the 
ship from sub-assemblies produced and from equipment stored in the 
various departments in a total of 10 days of 24 hours each. This leaves a 
factor of safety of 2 days in the estimated time of completion of each ship. 

The various departments are proportioned and each is assigned sufficient 
man power so that all sub-assemblies for one ship are produced at the 
required rate, that is, three complete sets per day of 24 hours. This high 
rate of production accounts for the relatively immense size of the sub- 
assembly departments as compared with conventional practice. 

Number of Ships Under Construction—The number of ships under con¬ 
struction on the production line at one time totals 28. It is possible to add 
6 ships on the upper take-off ways, 7 ships on the lower take-off ways and 6 
ships on the shipbuilding ways, making a possible total of 47 ships. In 
other words, the number of ships being constructed at any one time in this 
plant when operating at rated schedule will vary from a minimum of 28 to 
a maximum of 47. 

Yearly Tonnage Output—From the above data the maximum estimated 
output of cargo carriers of the design indicated in terms of dead weight 
tonnage is as follows: 

From production line—3 ships per day or 1080 ships 

per year of 360 days @ 5430 tons...5 5 864,400 

From 19 shipways—76 ships per year @ 5430 tons.. 412,680 

Total yearly dead weight tonnage.6,277,080 

It seems safe to conclude that the proposed plant will have a capacity of 
not less than 6,000,000 dead weight tons of shipping per year. In a plant 
of this type, with fixed space and facilities and a fixed number of hours per 
day, the production variable is reduced to the labor supply. The rate of 
production increases with the quantity of trained labor supplied until a 
certain maximum is reached. Beyond this maximum, additional labor would 
be crowded into inadequate space resulting in interference and loss of 
efficiency. At the capacity estimated above, ample room has been provided 
for all employees. 

The other variable is the design of the ship being produced. It can be 
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shown, for instance, that the rate of production in dead weight tons in¬ 
creases as the size of the ship is increased up to the maximum size pro¬ 
ducible in the plant. Likewise, the rate of production will increase in 
proportion to the simplicity of the design and as the speed and power 
decrease. For example, the yearly tonnage output of the plant when building 
Liberty ships—the so-called “ugly ducklings”—with their simplified design 
and slow speed would be greater than with the better designed and equipped 
and higher speed ships described. 

Comparative Output—To equal the yearly output of the proposed pro¬ 
duction plant, (1156 ships per year) a conventional plant would require 
290 shipways and 150 outfitting docks assuming 60 days on the ways and 
30 days outfitting for each ship. This speed of production is possible 
although unlikely as an average. It would require the best kind of organiza¬ 
tion and the most modem prefabrication methods. However, this rate has 
been assumed for conventional ways both in the proposed and in the con¬ 
ventional type of plant. It should be noted that 290 ways is almost exactly 
equal to that part of the total present shipbuilding capacity of the nation 
engaged in the production of merchant vessels. 

. If larger, simpler, slower ships were built (such as Liberty ships) fewer 
shipways would be required for a yearly output of 6,000,000 dead weight 
tons, but the output of the proposed production plant would also be sub¬ 
stantially increased. 

V, Weights of Structures—An interesting feature of the plant as de¬ 
signed has to do with the total weights and the equivalent specific weights 
which must be supported and moved. The following figures are presented 
covering these points. All figures are based upon the typical ship described 


hereinbefore: 

Weight of ship.4,636,000 lbs. 

Weight of trucks.1,883,750 lbs. 

Weight of supporting saddles. 624,000 lbs. 

Weight of all fixtures in place.1,250,000 lbs. 


Total weight of any one structure.8,393,750 lbs. 


The weight to be supported by the trucks (omitting the weight of the 
trucks themselves) amounts of 6,510,000 pounds. The trucks for the de¬ 
signed ship will have an area of 28,000 square feet so that the weight 
to be supported on the trucks per square foot amounts to 233 pounds. This 
presents no mechanical problems as weights of several times this amount 
may be successfully handled at the slow straight line speeds required. 

It can likewise be shown that the total weight on each wheel amounts 
to 13.81 short tons per wheel. This likewise presents no mechanical problem. 

There are two bearing boxes provided for each wheel. The bearings 
are 12 inches in diameter by 10 inches in length giving a projected area 
of 120 square inches per bearing or 240 square inches per wheel. The 
weight to be carried per projected square inch of bearing surface is, there¬ 
fore, 115 pounds. 

The weights to be carried by the transfer tables, wheels and bearings 
are even more conservative because of the greater areas involved. As an 
example, the total weight on the transfer table is 161 pounds per square 
foot of table surface, the weight on the wheels amounts to only 7]/2 short 
tons per wheel, and the weight on the axle bearings amounts to only 62 
pounds per square inch of projected bearing area. 
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VI, Estimated Investment—Several factors influencing the cost of the 
plant are not shown at present because of the fact that the site has not 
been selected. In preparing an estimate of cost it is necessary, therefore, to 
assume unfavorable conditions. In the following figures, such items as pil¬ 
ing and foundation conditions, extent of required dredging, clearing and 
grading of site, etc., have been assumed to be unusually severe. The amount 
of land required to get the necessary siz;e and shape of property is unknown 
as is the actual cost of the land. It is possible, therefore, that the actual 
conditions to be encountered at the site finally selected may not necessitate 
all of the work covered by the estimate and that the land itself may be 
obtainable at a much lower cost in which event a reduction in actual cost 
is to be expected. 


An abridged estimate of cost follows: 

( 1) Plant site and .yard improvements-$ 20,549,000 

( 2) Buildings ...-. 52,746,250 

( 3) Cranes . 7,890,000 

( 4) Machinery and equipment (production 

departments) .-.—.. 2,45 3,500 

(5) Machinery and equipment (shops). 9,450,000 

( 6) Yard equipment.-. 2,827,500 

( 7) Production line equipment. 10,090,000 

( 8) Miscellaneous machinery and equipment.. 3,992,500 

( 9) Forms, templates and fixtures. 6,550,000 

(10) Welding equipment. 2,965,000 

(11) Utilities . 5,425,000 


Sub-total ..-.$124,938,750 

Engineering services (5%)---- 6,246,935 


$131,185,685 

Administrative, office and miscellaneous expense 

during construction. 2,000,000 

Diesel engine development prior to production.... 750,000 
Training of superintendents, foremen and leader- 

men prior to production. 1,000,000 

Operation of the shipway prior to production 

(labor and materials)....... 1,500,000 

Design and development of standard ship. 250,000 


Total estimated cost.....$136,685,685 

Contingencies (about 10%)..... 13,314,315 


Grand total...$150,000,000 


VII, Cost of Production—In order to arrive at a relative figure show' 
ing cost of production both in the proposed plant and in an ordinary ship' 
yard, the typical ship described in Part V has been used as a basis for the 
reason that preliminary designs are available for that particular ship. 

Fixed Charges—Fixed charges have been assumed at 3 3j/3% of plant 
investment in all cases. This is made up of interest -5%, depreciation 20%, 
maintenance 5%, and taxes and insurance 3 1 / 3 %. In the case of the con¬ 
ventional yard, the investment for ways, outfitting docks, shops, 






















SECTION IV—WATERCRAFT 


321 


houses, yard improvements and miscellaneous buildings and equipment has 
been taken at $1,500,000 per way; and the output at four completed and 
outfitted ships per way per year. This calls for 290 shipways (allowing 
for only one spare) in order to produce the 1156 ships yearly. 

On this basis, the annual fixed charges will amount to $50,000,000 per 
year or $43,253 per ship for the proposed plant; and $500,000 per ship" 
way or $125,000 per ship for the conventional shipyard. 

Overhead—Overhead includes administrative and executive expense, 
office expense, stationery and supplies, rent, telegraph and telephone, mail, 
heat, light, traveling and miscellaneous expenses. For the proposed plant 
this expense has been based upon a detailed analysis of the requirements and 
includes salaries for an office force of 400 employes. The total overhead 
amounts approximately to $3,500,000 per year and therefore to $3,030 
per ship on the basis of an output of 1156 ships per year. 

In the conventional shipyard the overhead would vary over a wide 
range with the size of the yard. For purposes of comparison, a yard con" 
sisting of ten shipways, seven outfitting docks, and the required shops, 
warehouses, etc. has been assumed as a fair representative plant. Such a 
plant would call roughly on an executive and office personnel of 200 em" 
ployes. The total overhead should be not less than $1,000,000 per year. 
On the basis of an output of 40 completed and outfitted ships per year, the 
overhead would amount to $25,000 per ship. 

Direct Materials—Direct materials amount to about the same for welded 
ships regardless of the method of manufacture, but for riveted ships the 
direct materials are slightly greater because of the greater weight of the 
hull structure. Indirect hull materials and supplies, on the other hand, are 
much less in the production plant. This results from the standardisation 
of the ship, the large number produced from the same design, the better 
utilisation of scrap and the greatly reduced power,. oxygen and acetylene 
consumption per ship. The estimated value of direct hull materials is 
$300,000 for riveted ships and $270,000 for welded ships. 

Indirect Hull Materials and Supplies—A large saving per ship will be 
made here by reason of reduced power and acetylene consumption, use of 
steel scrap, and standarization of ship and processes. The estimated figures 


for conventional riveted ship.$100,000 

for conventional welded ship. 90,000 

for proposed plant. 50,000 

Direct Machinery—-There will be a decided _ saving in cost of direct 

machinery in favor of the production plant, as this plant will make a large 
part of its machinery and equipment including main and auxiliary engines, 
gears, forgings, steel and grey iron castings, brass and aluminum castings, 
etc. The plant should be designed to produce whatever equipment will be 
required in sufficient quantities to effect operating economies. In this way, 
there will be eliminated a large part of the machinery suppliers overhead 
and profit. Incidentally, this plan will eliminate some of the principal bo t e" 
necks encountered in present day shipyards. The estimated costs are 
$200,000 for the conventionally built ship and $100,000 for the production 

built ship. . . . £ 

Indirect Machinery— Here a small saving per ship will be made m tavor 
of the proposed plant. The approximate figures are 

for conventional shipyard.—. 

for proposed plant .—.-. 15,000 
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Labor—The biggest saving will naturally consist of the saving in labor 
per ship, both direct and indirect. 

The estimated personnel for the entire production plant, both direct 
and indirect (excepting the administrative, executive and main office force) 
is as follows:— 



1st shift 

2nd shift 

3rd shift 

Production line and departments. 

. 29,960 

27,060 

27,060 

General shops. 

. 6,964 

5,360 

5,360 

Diesel engine shops. 

. 2,844 

2,644 

2,644 

Cost department.. 

300 

300 

300 

Totals .. 

. 40,068 

35,364 

35,364 


This represents a total plant payroll of 110,796. It should be noted that 
this number includes the necessary personnel for operating the production 
lines proper, all supplying production departments, the general shops, 
foundries, Diesel engine shops, all shipways, locks, power stations, yard 
equipment and all necessary miscellaneous labor. Assuming an average wage 
rate of $1.00 per hour the daily payroll will amount to $886,368 per day, or 
$277,000 per ship. It should be noted that this estimate covers both direct 
and indirect labor. 

For the conventional yard, the direct labor for the riveted ship is 
estimated at $400,000 per ship, and the indirect labor at $100,000. For the 
welded ship direct labor is reduced to $388,000 and indirect labor to $90,000. 

Total Cost—Recapitulating the above the following figures showing 
total estimated costs have been determined: 

(A) Cost of production per ship for a conventionally built ship 
of riveted construction. 

(B) Cost of production per ship for a conventionally built ship 
of welded construction. 

(C) Cost of production per ship for a welded standardised ship 
built in the proposed production plant. 



A 

B 

C 

Fixed charges . 

....$ 125,000 

$ 125,000 

$ 43,253 

Company overhead . 

25,000 

25,000 

3,030 

Direct hull materials .. 

.... 300,000 

270,000 

270,000 

Indirect hull materials 




and supplies . 

.... 100,000 

90,000 

50,000 

Direct machinery .. 

.... 200,000 

200,000 

100,000 

Indirect machinery .. 

.... . 25,000 

25,000 

15,000 

Direct labor.. 

.... 400,000 

388,000 

277,000 

Indirect labor .. 

.... 100,000 

90,000 


Total estimated cost_ 

....$1,275,000 

$1,213,000 

$758,283 


Saving—This tabulation shows a saving per ship in favor of the pro- 
duction plant of $454,717 or about 37.5% of present costs. If the con¬ 
ventional ways in the proposed plant were not used, the relative saving 
would be' greater. 

The estimated yearly saving is equivalent to 1156 ships @ $454,717 or 
$525,652,852. In other words, the production plant would pay for its 
entire cost in savings alone in less than four months operation. 
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VIII, Time Required for Construction of Plant —Under present con' 
ditions, the time required to complete the plant would be as follows:— 

( 1 ) Plant site and yard improvements complete in . 6 months 

(2) Buildings erected in . g ” 

( 3 ) Cranes erected in . g 

(4) Production department equipment .. g 

( 5 ) Shop equipment . 16 

( 6 ) Yard equipment . 4 

( 7 ) Production line equipment . 5 

( 8 ) Miscellaneous equipment ..16 

( 9 ) Forms, templates and fixtures . 6 

(10) Welding equipment. 8 

(11) Utilities . 9 


It will be noted from the above that the “bottlenecks” from a con¬ 
struction standpoint are shop equipment and miscellaneous equipment. 

The shop equipment causing the delay is that required for the Diesel 
engine shops. To overcome this potential delay in starting, it is proposed to 
contract with outside suppliers for Diesel engines for the first six months 
of operation of the shops. There should be no difficulty in this because the 
first engines could be ordered a year ahead of required delivery, so that 
actual deliveries would be made from 12 to 18 months after date of order. 
This can be done. In the meantime, the necessary Diesel engine develop¬ 
ment work would be done and the plant placed in condition to operate as 
soon as the necessary tools and equipment were delivered. 

Under miscellaneous equipment, the delayed time for completion is due 
to the three 12,500 kilowatt steam turbines for the power station. All other 
equipment can be shipped promptly. This means that in selecting the site 
for the plant due consideration must be given to the power developing 
capacity, distributing facilities and existing connected loads of the surround¬ 
ing region. It is entirely feasible to select a site where the required power 
requirements can be supplied from an outside source until such time as the 
power plant shall have been completed. 

There is no reason why the proposed shipbuilding plant cannot be in 
operation within twelve months from date of approval and possibly some¬ 
what sooner in spite of the fact that probably delays in shipment of certain 
machine tools and steam turbines may delay the final completion of the 
plant for six months beyond the date of starting. 














Chapter III—Small Boats Arc Welded 


By William Atkin, 

T^aval Architect, At\in 7<[aval Architecture, Darien, Connecticut 


Subject Matter: During the last two years, increasing interest 
has been shown in small boats constructed of metal, the resistance 
of this type of construction to pounding on a rocky shore during 
a storm being noted. While the weight of the steel hull is about 
the same as wood, the former will not leak if properly welded. 
Various designs of small craft are briefly described, the author 
commenting on the erroneous tendency of builders to follow 
traditional lines, instead of designing especially for steel. Boats of 
the type described are best built upside down, the writer states 
and proceeds to give detailed instructions for fabrication. 


William Atkin 



With all too few exceptions, small yachts and boats have always been 
built from wood and most yachtsmen, being conservative, are not easily 
influenced by the many excellent aspects of metallic hulls. 

However, during the last two years an increasing number of inquiries 
have come to my office in connection with a proper design for a small boat 
to be built from metal, welded metal, galvanised iron, steel, bronze, and 
aluminum. 

Most of my clients are amateur boat builders. In recent years with the 
production of inexpensive arc welding outfits, the urge has come to build 
from wooden boat construction plans using metal in large pieces in place 
of the thousands of pieces of wood and fastenings that enter into the building 
of wooden craft. 

One of these amateur builders, Mr. W. I. Nichol, Saugus, Mass., has 
built two small boats adapted from wooden construction. One an 18-foot 
V-bottom auxiliary designed by the late C. D. Mower, the other a 23-foot 
double-end V-bottom runabout from my design. For both these Mr. Nichols 
has great praise. Of the latter, he writes that in the hurricane of September, 
1938, his galvanised Armco iron arc welded runabout, “Needle”, was washed 
ashore before the great wind and tremendous sea, grounding among a forest 
of jagged boulders and small rocks making up the beach. Excepting for dents 
and scratched off paint the boat was undamaged structurally. Its motor and 
equipment were ruined with salt water corrosion. Shaft, propeller, strut and 
rudder were badly bent. Within a week, the iron-hulled “Needle” was about 
its tasks again, little worse for her violent experience. Every other of the 
dozens of small wooden boats that were washed ashore in the locality were 
smashed into kindling wood, and total losses. 

It is interesting to note that Mr. Nichols runabout was built from gal¬ 
vanized iron, the decks approximately Vi 6 -inch thick; sides and bottom plating 
approximately ^Q'inch. thick. There are no frames, floor timbers, stem, stern, 
or keel in the construction. Deck beams are the only framing used and 
these are very light. 
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When completed and with same motor and equipment specified for the 
wooden hull, the little boat rested exactly on her designed water line indicating 
the construction in steel came to exactly the same weight as construction 
in wood. The boat also made the speed specified for the wooden hull, which 
is of considerable interest. 

A metal hull will not leak if arc welded, and cannot sink if fitted with 
floatation tanks or water tight compartments. These seem priceless advantages 
for the metal welded hull. 

How long will a steel hull last plated with sheets less than J^dnch thick¬ 
ness? Given reasonable care, just as long as a wooden hull of similar char¬ 
acteristics. I am reminded of this fact often having advised one of my 
clients not to spend good money on the conversion of a World War I gal¬ 
vanised iron life boat. That will have been 18 years ago. The old life 
boat is still going. I am afraid I was taking too seriously the advice of 
conservative contemporaries. 

A year or so ago another client, Mr. Wayne Backus, Winniwicee, 
Washington, asked me to design him a 16-foot V-bottom runabout, the boat 
to be built in a small welding shop by an amateur builder. This boat was 
not an adaptation from a conventional wooden design. 

The hull was built from six sheets of Armco iron, the bottom and side 
plating being 12-gauge and the deck and bulkheads 14-gauge. Deck beams, 
tabs, etc. were made from cuttings from the side and deck plates. Four sheets 
for the sides and bottom were 24 inches and 36 inches wide respectively, 
while two sheets for the deck were 36 inches wide. All sheets were 17 feet 
long. The little boat turned out very well, performed exactly like the more 
usual wooden types. Like the two hulls built by Mr. Nichol, the 16-foot 
runabout was built without frames, keel, deadwood, clamps, knees, shelves, 
floor timbers, etc., parts which are always associated with the construction 
of wooden hulls. 

Early in 1940 I completed a third design for Mr. Nichol, this one a 
V'bottom auxiliary gaff-headed sloop 18 feet 9 inches over all, 17 feet 6 inches 
water line, 6 feet beam, and 3 feet draft. The breadth was kept to 6 feet 
because sheet iron of this width and 20 feet long was available. 

The design of the 17-foot 6-inch water line steel cruising sloop, (See 
Figs. 1, 2, 3 and 4) was made several months ago in anticipation of building 
the little ship for my own use after the war. Having been in the profession 
of naval architecture for many years, it seems certain to me that the only 
way in which “everymanV boat can be produced is to build it from steel. 
It is impossible to build wooden hulls inexpensively. There are too many 
parts to be shaped and handled, and wood is too flexible to handle cheaply 
in forming the hull of so complicated a form as a boat. 

The trouble in the past in building small steel hulls has been that they 
were put together in the same manner as wooden hulls, and not in the 
manner of a tank or box. Therefore, with all the customary parts used 
in old-fashioned boatbuilding nothing was saved in time and the completed 
hull was entirely too heavy. It is astonishing to me that so many moderate 
shed welded steel hulls are built today with so many unnecessary parts— 
! positively steeped in tradition both as to form and construction. 

| My tabloid sailing boat has dimensions as follows: length over all, 19 feet 
. 8 inches; length water line, 17 feet 6 inches; breadth, 7 feet; draft 2 feet 11 
I inches. The freeboard at the bow is 3 feet 2 1/ 2 inches; at the lowest point, 
j 2 feet 2 inches; at the stem, 2 feet 4]/^ inches. The displacement is 4,100 
l pounds; sail area, 194.4 square feet; and ballast, all inside, 1,200 pounds. 



326 


STUDIES IN ARC WELDING 


And, by the way, this is my 490th design since going into business 34 years ago. 

If the war does not run too long I expect to put boats of this type and 
construction on the market in three sizes: 17 feet 6 inches, 22 feet, and 27 
feet water line. Arc welding and steel hulls will by then be easy to sell 
through the impetus given the trade by the thousands of vessels of all sizes 
and types produced for the winning of the war. Skill in arc welding will 
be common knowledge to hundreds of thousands of workmen before that 
glad date is crossed off the calendar. 
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It is difficult for the layman to realize that a' hull plated with 12-gauge 
rolled steel will weigh about the same as a hull planked with three layers 
diagonally of a total thickness of Ij/g inches of white oak. And this would 
be considered exceedingly heavy for a small boat like the subject of this paper. 
If built of weldwood this thickness floor timbers, stringers etc., would be 
unnecessary deadwood. But one cannot built a boat with weldwood without 
stringers, keel, chine pieces, deadwood, and all the parts that make up the 
hull of a wooden boat. Only the fitting and forming of frames is saved in 
plywood hulls, and the plywood must be screwed or glued to something to 
maintain its position and shape. And then, of course, there are thousands 
of wood screws or copper rivets to be bored for and driven before your 
wooden hull is completed, a time-consuming job. 

Items to be made, handled and fitted in wooden hull of this type and size 
are: 30 planks. 28 battens. 42 deck planks. 2 pieces canvas with glue and 
tacks. 1 keel. 3 pieces deadwood with 26 bolts. 3 pieces in stem. 11 pieces 
in stern. 2 clamps. 2 shelves, each made from two lengths, 3 knees. 24 
chine knees. 2 rabbeted chine logs. 48 bolts in keel, stem, stern assembly. 
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12 floor timbers. 16 butt blocks. 7 doublings. 5 pieces in rudder. IS deck 
beams and headers. 6 pieces half round sheer moulding; plus 3,230 fastenings 
of five different sizes with wooden plugs to cover countersinks over heads, 
making a grand total hull lumber and fastenings, 3,495 pieces not including 
boat plugs which will come to at least 1,200 more. 

Items to be cut, handled and fitted in arc welded steel hull of similar size 
and type to above are: 2 pieces 36 inches by 20 feet 12-gauge plate for sides; 

2 pieces 40 inches wide by 20 feet long 12-gauge plate for bottom; 2 pieces 
36 inches wide by 12 feet long 12"gauge plate for skeg; 2 pieces 40 inches 
wide by 20 feet long 14-gauge plate for deck; 1 piece 52 inches wide by 10 
feet long 12-gauge plate for cockpit bottom and sides; 1 piece 20 inches wide 
by 6 feet long 12-gauge plate for rudder; 1 piece 36 inches wide by 5 feet 
long 12-gauge plate for stern; 34 deck beams and headers made from scrap 
from side plating, 12-gauge plate, V-/ 2 inches and 1-inch respectively; 4 butt 
plates under center seam in deck; making a total of 48 pieces required. 

The above tabulation concerns the hull only with rudder. However the 
interior fittings and rig in either wood or steel hulls will require about the 
same materials and time to complete. 

If only one hull is considered, it should be built over wooden forms made 
in the same manner as for wooden boats. Use spruce about V/q inches thick 
for the forms and brace well both to floor and to each other. If duplication 
is required in quantities it would be best to build the form from steel plates 
and shapes. A form must be made for each of the stations shown on the 
drawing of the lines. And the lines should always be drawn, (or laid down) 
full size. Too much care cannot be given this part of the work. 

Since there is no keel in this type construction the forms should be set 
up upside down, that is with the deck down. The simplest way to do this is 
to set up blocking for each station so that the tops of these form the sheer 
line in an upside down position. Set the blocks at convenient height to work 
comfortably. Raise the forms sufficiently high from the floor to allow for 
a strong batten 6 or 8 inches above the line of the sheer. This will give better 
working room in fitting the plates. Also run battens let in flush, two each 
side for both bottoms and sides. These will brace the forms. Fasten with 
wood screws. 

It is good practice to saw a piece of l / 2 'inch. plywood to the curve of the 
keel and stem from station 2 forward as a guide or pattern for cutting and 
fitting the forward ends of the side and bottom plates. This should be placed 
about 1 y 2 inches abaft the cutwater of the stem; it will be inside the hull 
when the plating is on. 

V bottom models with straight sections are ideal for building with welded 
steel. One bend only is required of the plating and none will have to be 
furnace heated and rolled and hammered into place. You will notice there 
are dotted lines indicating slight convex below the chine at stations 1, 2 and 3. 
The steel will take this form naturally and the sections will appear to be 
perfectly straight. This is the way it is intended. 

V bottom models are also excellent performers in rough water and equally 
as fast as round bilge craft, provided, of course, that the design is of correct 
form for both types. 

The topsides of the sailing boat will be made from 12-gauge steel plate. It 
can be had in a single piece. If butted plates are needed see detail for this 
joint on the construction-cabin plan. For the amateur builder, it may be well 
to mention that plating of this thickness must be cut with power shears or 
with the welding outfit. Shears will be best, I feel, for this particular work. 
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The surest and best way to obtain the exact shape of each plate is to make 
± patterns from hard strong cardboard. Since both sides of the hull must be 
/ alike, pattern should be made for one side only. Lay pattern on the plate 
with colored pencil or scriber. Mark the position of each form. Bore holes 
for wood screws along the sheer edge of the plate and at the edge of the chine 
at each mould. Also bore holes about 5 inches apart along the stem approxi¬ 
mately 1 inch abaft the cutwater, also at the top and bottom of the stern end 
of the plate. One-quarter-inch bolts and screws will be inserted in these to 
hold the side plates in correct position until welded together. Clamps can 
be used here to advantage also. All the plates will have square edges, tops, 
bottoms, and ends, no bevels required. In welding, the welding rod will build 
up a neat rounded bead, entirely filling the seam or joint between the plate 

Both halves of the bottom plating will be treated in the same manner 
and will be made for the same thickness steel plate. 

The stern will be made from 12-gauge plate and will be temporarily fastened 
with screws, bolted and clamped in exact position, then arc welded to the 
sides and bottom. Leave all edges square in same manner as on sides and 
bottom plating. 

If welding is neatly and properly done it will be best to leave joinings 
in natural state without grinding or filing smooth. The scale left by the heat 
will rust much less than bright surface. 

Cementing and painting will form a very smooth and fair surface and the 
beaded corners of chines, cutwater, and at the stern will look business like 
and neat. It may be well to mention that a steel hull should not be painted 
with the usual copper anti-fouling compositions used so successfully on wood¬ 
en hulls, so do not use any paint that contains copper, aluminum or brass. The 
finest quality red lead in oil is best for priming coat, and apply two thin 
coats rather than one thick coat slapped on in a hurry, followed by at least 
four coats of gloss outside yacht paint. Anti-fouling white composition will 
be best for underwater portions. 

Deck beams will be made from 12-gauge plate. Those of the main deck 
will be D/2 inches deep and will be spaced on every station with one between. 
The crown of the beams will be 2 inches in a length of 4 feet. The ends of the 
beams will be arc welded to the inner face of the side plating at the sheer. 
Hatch headers, cabin house carlines, cockpit floor beams will be of the same 
dimensions. 

Cockpit floor and sides with cabin sides and ends will be made from 
12-gauge plate, also cockpit coamings. Floor of cockpit is flat and the beams 
should extend full across the hull having ends welded to side plating. 

The deck will be made from 14-gauge plate. It will be difficult to get 
plate in this thickness 7 feet wide and so it will be necessary to run seam 
through the middle line of the deck. Use corner weld for fastening deck to 
side plating and spot-weld deck from under side to deck beams. Cabin house 
top will be made the same but the beams here will be 1 inch in depth and 
set on 12-inch centers. 

The sides of the open skeg will be made from 12-gauge plate and formed 
and fitted to hull as clearly indicated on the plans. 

Rudder will be 12-gauge plate. It would be well to fit cheek pieces made 
from white oak each side the rudder head to give it thickness to support the 
tiller which will be 1% inches thick. Then the side plates on tiller that form 
the hinge will exactly span the rudder head and form a very solid fitting. 

It being impractical to finish the interior in steel plate it will be necessary 


















to weld tabs made from 14"gauge plate to give attachment places for the 
various wooden members of the joiner work. Througlvbolt wood to the tabs 
wherever possible. Then everything can be removed if it is ever necessary 
to repaint the interior or chip off scale. But this operation will be a long, long 
way down the wind if the boat is half way cared for. One half "inch thick 
weldwood is excellent material for constructing the interior joiner work. 

And there we have the hull for a very nice little cruising boat. 

Ballast will be cement loaded with scrap pieces of plating. 

The cabin is designed for two, and has everything needed for comfortable 
living and sailing. Provision is made for installation of pump water closet 
if this is needed. One cannot expect full headroom in a small boat like this 
and so long as there is full sitting up headroom the cabin will be found to be 
snug and homelike. And whatever the weather outside, you can be sure the 
decks and arc welded steel hull will be absolutely watertight at all times. This 
is a comfort in any type cruising boat. 
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Fig. 4. Offset table. 


The rig is the accepted type today with tall mast, and short foot, altogether 
proved and accepted as efficient as the rig for a small sailing boat can be. 

The time required for building the hull with decks, deck house, cockpit, 
hatches, companion slides, ballast, toe rails, and rudder of a standard type 
wooden hull of 4,100 pounds displacement will be very close to four weeks 
with two experienced boat builders, or approximately 384 hours, provided 
the materials are first class and proper power tools available. At 80 cents an 
hour this is $307.00. 

First class boat building lumber for the hull as above will cost at retail, 
$210.00, fastenings, caulking cotton, boat plugs very close to $40.00. Thus, 
the hull complete, $250, with labor, $547. 

The hull completed represents very close to 2/5 ths the cost of the whole 
outfit, joiner work, fittings, spars, rigging, sails, and painting will bring the 
complete boat to a figure of $1,365. And this will be a good average price 
in normal times for a boat builder with a good reputation for good work 
and materials. 

The time required for building an arc welded steel hull of the same 
displacement and model will be very close to ten days with two experienced 
steel boat builders and welders, or approximately 160 hours, providing the 
steel plates were of specified si^es and proper tools were on hand to produce 
the work. At 80 cents an hour this is $120. 

The steel plates for the hull completed to the same point as the wooden 
hull will cost $136 including welding rod. Electric current will add close 
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to $20 at local rates. Thus, the arc welded hull complete with labor would 
cost $276. 

The boat completed then with arc welded steel hull and equipment exactly 
the same as the wooden boat above will have a cost of $1084, a saving of 
$271 or slightly less than 20 per cent. 

In the plans, the conventional symbols for welding have been omitted 
as being of little use to the amateur welder, and the professional welder will 
consider the job a simple straightforward bit of work that can be drw 
blindfolded. 

From the above one can see the possibilities of great savings in labor and 
materials if small simple boats are built from steel arc welded. 



Chapter IV—Welded Steel Boat Design 


By Lieut. Junior Grade, H. S. Knerr, 

U. S. J<[avy, K[avy Yard, Portsmouth, TsJ. H. 



Subject Matter: Not satisfied that yachts of less than 80 feet 
in length are necessarily heavy and impracticable when built of 
steel as compared with wood, author offers the design of a 30 ' 
foot cabin cruiser. Principal characteristics, together with neces' 
sary calculations and design details, are given. This is followed 
by an account of the method of fabrication and erection of sub' 
assemblies. Estimates of weight and cost are made and the 
improved efficiency, strength, increased safety and greater de' 
sirability of welded steel construction are stressed. 


Lt. Juniar Grade, H. S. Knerr 

The purpose of this paper is to present a yacht design of welded steel 
construction. The idea was conceived as a result of an argument with an¬ 
other naval architect who contended that yachts of less than 80 feet in length 
would be heavy and impractical when built of steel as compared with the 
conventional wooden designs. The author, not convinced by argument and 
believing that ordinary small boats of welded steel construction would 
possess many inherent advantages, presents, herewith, some comparisons 
between wooden and welded construction as applied to a 30 foot cabin 
cruiser—an average size boat in yachting and considerably below the 80- 
foot limit which is generally considered the turning point in length above 
which steel is accepted and below which steel construction has not yet been 
adopted except in isolated instances. 

General Uses—Small boats, including yachts, see service all over the 
world in every conceivable form and shape. Performing useful work for 
some, providing a luxury for others, an absolute necessity upon occasion, 
they all embody problems of design too numerous for detailed elaboration. 
The soldier at Dunkerque was looking for any boat—the yachtsman at 
Miami is looking for his boat. English Channel or Biscayne Bay, when a 
boat is wanted, it is there for a purpose which must be constantly borne in 
mind during the design stage. 

Special Uses—Deep-water boats require excessive ruggedness; fast boats 
require lightness; cruising boats require comfort; work boats require load 
capacity—every boat has a purpose and each has its own peculiar qualifica¬ 
tions for that purpose. All boats have the basic requirements of stability, 
seaworthiness, and economy. 

The design incorporated herewith, (See accompanying E'igs. 1, 2, 3, 4 
and 5), is presented as being a fair example of the ordinary small boat em¬ 
ployed as a yacht. The average amateur yachtsman has a motor boat of 
around 30 feet in length; having berthing and living facilities for four 
persons and capable of cruising two weeks comfortably at a speed of ten 
knots (twelve miles per hour)—all on a modest initial outlay and involving 
reasonable upkeep. 
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Variations in Design—One of the basic points incorporated in the design 
is the use of one jig from which two models could be constructed; one boat 
being thirty feet in overall length and the other, by means of a ten foot 
addition aft, being 40 feet in overall length—the standardisation of patterns 
and parts being a direct economy to both models. Of the ten feet addition 
in length, six feet is below the water line resulting in a greater speed at 
the same speed length ratio and four feet is used in extending the overhang 
of the stem resulting in a more appealing “cruiser stern”. The 40-foot model 
would accommodate six persons and have a top speed of 16 knots (19 miles 
per hour) using two screws. The engines, shafting, propellers and 75 per 
cent of the hull would be identical with the 30-foot model. 

Principal Characteristics—For purposes of discussion and for comparison 
with wooden contruction the 30-foot boat of welded steel construction has 
been chosen. The general characteristics are as follows: 

Length overall . 30'—O'' 

Beam, extreme . 8'—7" 

Draft, service conditions... 2'—9" 

Displacement, service conditions. 15,000 # 

Speed, economical . 6 Knots ( 7 M.P.H.) 

Speed, maximum . 10 Knots (12 M.P.H.) 

■ Shaft horsepower, maximum . 85 

Accommodations. 4 persons 

Framing—The boat is designed on a semi-longitudinal basis with web 
frames spaced at intervals from 12 to 18 inches. The form of framing com 
tributes not only to greater lightness of construction but also to ease in 
attachment of hull plating. The web frame varies from 3-inch x 2"inch 
tee sections amidships to 2-inch x lj/ 2 'inch tee sections at the ends. These 
tee section webs support longitudinals which are also tee sections which 
vary from 2-inch x lj^-inch to 1-inch x %-inch. This system of web 
frames and longitudinals supports the structural plating; namely, the bottom, 
sides and deck of the hull. Light intermediate frames, varying from Pinch 
x %-inch tee sections to l-inch x T/^-inch flat bars are spaced between webs 
where necessary for local stiffening of plating. All the sections have a face 
plate thickness of %6 -inch and a web thickness of J/s-inch. Adequate trip" 
ping brackets are provided to insure stability of the web frames and 
longitudinals. All web frames are tied into the heavy keel plate by deep 
floors (which are lightened where possible). These floors are % 6 -inch thick. 

Thus there is provided an interlacing system of support; the deep web 
frames support the longitudinal stringers which in turn support lighter 
intermediate frames—the whole system benig tied into the keel plate and 
supporting the hull plating in such a manner as to insure the maximum 
strength and stiffness with the minimum weight. 

Plating—The keel plate is %-inch thick, shell and bulkhead plating 
varies from j/^-inch to 3 /ie -inch, deck house plating is ]/8"inch thick. Ample 
margin for possible corrosion is provided. 

Due to the small she of the structure, those portions below the chine 
present a problem. In order to reduce the amount of forced curvature of 
this plating the entire surface of the hull is designed around conical surfaces. 
The hull below the chine consists of two conical surfaces and the deck is a 
cylindrical surface. The vertexes of these cones are located on the body 
plans. In order to avoid unfairness in the hull plating and undue stress in 
the structure it is necessary to lay off lines in the loft by geometrical means 
rather than by the conventional offset method. 
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. (above). Outboard profile. Fig. 2, (below). Inboard profile. 
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All subassemblies such, as lower hull, main deck, side framing and 
plating, bulkheads and deck house are to be sand-blasted, pickled and gal¬ 
vanized after fabrication and just prior to erection of the subassemblies after 
all miscellaneous welding has been completed. Welding done after galvan¬ 
izing shall be wire-brushed and painted with zinc chromate priming paint. 

All plating used in the construction of the boat is medium steel having 
a yield point of not less than 60,000 pounds per square inch. 

Equipment and Arrangement—The boat is intended to provide com¬ 
fortable day cruising for four persons and special emphasis is put into 
extended cruising accommodations for two persons; a combination which 
would represent the average pre-requisites for such a boat. 

Aft of the chain locker is provided a watertight compartment having 
in it a water closet, lavatory with running fresh water, and adequate space 
for shelving. In the next compartment aft there are four bunks; two port 
and two starboard, the upper berths on each side folding down to provide 
a back rest. There is also provided in this compartment two closets and 
ample shelving. 

Amidships is a watertight compartment, housing the main power plant 
and auxiliaries. Directly above the engine room is the bridge provided 
with a sliding cabin top which may be pushed aft to provide standing room 
when weather conditions permit. For foul weather operation the cabin 
top is closed and seating arrangements for helmsman and navigator are 
provided. There is on the port side a chart table with radio under and 
the binnacle is on the starboard side. 

The after cabin is fitted out as a day cabin with transoms and tables, 
refrigerator, sink, stove and dresser. Special provision of space and lighting 
is provided here in order to insure comfort. 

Throughout, construction is of welded steel-joiner work being of light 
gauge. 

Conditions of Loading—While strength may not appear to be a para¬ 
mount consideration in small boat construction, there are certain advantages 
inherent in a steel design that warrant an investigation of this subject. 

A welded steel hull is much more readily made watertight than a wooden 
hull and it is therefore possible to provide a watertight compartmentation of 
the hull that will insure the buoyancy of the boat even with one compart¬ 
ment flooded. 

Also a welded steel hull, being more susceptible to subassembly than a 
wooden one, involves the question of sufficient strength to permit handling 
of major subassemblies prior to actual erection. 

For purposes of determining the maximum stresses that would be in¬ 
volved in meeting the above situations the following conditions have been 
investigated: (a), normal condition afloat. (b), afloat with water closet 
bilged, (c), afloat with forward stateroom bilged, (d), afloat with engine 
room bilged, (e), afloat with after cabin bilged, (f), grounded at extreme 
ends of boat, (g), drydocked on four evenly spaced blocks. 

Summary of Longitudinal Strength Calculations—An important cor¬ 
relative of compartmentation is stability; upon assuming that a particular 
compartment has been bilged and therefore imposes an additional load upon 
the hull as a whole it is also necessary to keep in mind the change in trim 
and stability. Loss of stability due to a free body of water within the hull 
is a major problem and can only be met by providing ample initial stability 
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when the hull form is determined. Local rigidity and ability to maintain 
watertightness in a bilged condition is also a major consideration. 

) Results of a loading analysis are summarised as follows: 


(a) 

(b) 

(c) 

(« 

(e) 

(f) 

(g) 

(M 



Displacement 

Draft 

Aft 

Meta- 

Centric 

Bending 

Moment 


Height 

Foot Lba. 

Normal condition afloat ... 

.15000* 2'—9" 

T~9" 

22" 

4000 

Watercloset bilged . 

.17500$ 3'—10" 

2'-6" 

13" 

12500 

For’d stateroom bilged - 

.27500$ 5'—2" 

2 '-6" 

10" 

9200 

Engine room bilged . 

.19000$ 3'-l" 

2'—11" 

16" 

16500 

After cabin bilged . 

.22500$ 2'—9" 

3'—10" 

6" 

4000 

Grounded at frames—#6 & $24 


0 

40000 

Grounded at frame—$15 



0 

40000 

Drydocked at frames—$6, 

*13, *17 6? *24 


0 

20000 


Steel Versus Wooden Hulls—In designing the welded steel hull, no 
attempt has been made to save weight with relation to a wooden hull of the 
same form and dimensions. The overall weight of the welded steel boat is 
the same as that of a duplicate boat of ordinary wood construction. 

In comparing strength, it will be found that pound for pound of weight 
the steel hull is about twenty times as strong as the wooden hull on the basis 
of longitudinal strength. This fact would be meaningless if it were not for 
the greater possibilities of mass production, wider application, safety and 
durability due to welded construction. 

The main strength members have already been described; they cannot 
properly do their work however without the thorough rigidity of plating and 
local stiffening which is provided by welding. By providing tripping 
brackets and local light stiffening bars at points where panting of the hull 
plating or twisting of main structure will normally occur it is possible to 
provide a hull of uniform rigidity and strength. Welding of these important 
items is far superior to riveting in necessarily light weight steel and pro¬ 
vides an efficiency in strength and ability to suit conditions that cannot 
be approached in wooden construction. Welding provides a means of put- 
y ting steel to work where rivets and nails, with their lesser joining efficiency, 
4 cannot even be driven. 


f 


Fabrication—One of the principal advantages of welded steel construc¬ 
tion is the simultaneous fabrication of the many parts that go into the 
completed job. These individual fabricated parts are then made up into sub- 
assemblies. There are listed below the major items which would be pre¬ 
fabricated in quantity before subassembly: (1), keel plate. (2), stem and 
stern post castings. (3), floors. (4), lower portion of web frames. (5), 
lower portion of bulkheads. (6), chine and longitudinals. (7), bottom shell 
plate. (8), deck stringers and beams. (9), deck plating. (10), deck house 
coaming and stiffeners. (11), upper portions of bulkheads. (12), longi¬ 
tudinal bulkheads. (13), cockpit sides. (14), cabin floors. (15), upper por¬ 
tion of web frames. (16), side shell plating. (17), hatches. 

Subassembly—The first major subassembly consists of the bottom made 
up of keel, stem and sternpost to which are welded the lower portions of 
bulkheads, web frames and floors. Longitudinals ijtl, #2, #2 and chine are 
then welded to the bulkheads, web frames and floors. The bottom shell 
plating is then fitted, buttstraps fitted and remainder of structural welding 
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completed. The subassembly is then moved to the skids and the cabin 
flooring is installed. 

The second major subassembly consists of the main deck, made up from 
deck edge angles, deck beams and deck longitudinals to which the deck 
plating is fitted and welded. Deck house and hatch coamings are also welded 
in place and the subassembly is moved to the skids. 

The third major subassembly consists of the deck house made up of 






















framing to which the^ plating is fitted and welded. Coamings for hatches 
and airports are installed and this subassembly is then moved to the skids. 

All three subassembly operations can be carried on simultaneously on 
separate sites completely divorced from fabrication work which is of a 
different nature and involves a different technique. Time and effort are thus 
conserved in welded construction whereas in wooden construction, fabrica- 
tion and subassembly are hopelessly intermingled to the disadvantage of each. 

Erection —To the skids, where final erection takes place, the sub- 
assemblies come for the final fitting. 

After locating the bottom structure very carefully on surveyed lines the 
upper portions of the transverse bulkheads are welded to the bottom por¬ 
tions. The main deck subassembly is then carefully positioned and welded 
to the transverse bulkheads. The upper portions of the web frames are then 
fitted to suit, welded to the lower portions and to the main deck beams and 
the web frame face plates are welded in. The deck house is then positioned 
over the main deck, fitted into the coaming and welded in place, after the 
engine has been shipped. 

This leaves the structural job virtually complete with the exception of 
longitudinal #4 and the side shell plating. These two items are purposely 
omitted until the very last job before launching in order to provide con¬ 
venient access for work; welding in particular. After the local stiffening 
jobs have been completed the boat is closed up and ready for launching. 

By the use of welding, the work prior to launching (at which time the 
boat is virtually complete) has been efficiently and simultaneously carried 
out in six logical sites: (1), fabricating shop. (2), subassembly area for 
bottom structure. (3), subassembly area for main deck. (4), subassembly 
area for deck house. (5), erection site. (6), fitting out afloat. 

Weight—There is listed below a summary of the estimated weights in¬ 


volved in the construction of the boat. 

Stem casting . 300# 

Stern casting ... 392 

Keel plate. 292 

Floors .-. 146 

Web frames . 203 

Transverse bulkheads . 1150 

Transverse framing. 122 

Longitudinal framing .-. 445 

Shell plating .. 35 39 

Deck plating . 864 

Deck house . 650 

Weld metal (deposit) . 510 

Rudder .......-. 70 

Propeller, shafting, shaft tube and bearings . 197 

Main engine .-. 1775 

Steering gear. 50 

Interior joiner work .*. 1300 

Ladders . 100 

Doors, hatches, air ports, windows . 585 

Furniture . 790 

Galley equipment . 170 

Mooring equipment . 700 


Total Weight 


13800 
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Material—There is listed below a summary of the estimated material 


costs involved in the construction of the boat: 

Castings—medium steel ...-.$110.00 

Plate—medium steel _______ 165.00 

Shapes—medium steel_ 50.00 

Pipe—medium steel. 20.00 

Welding electrode . 100.00 

Bronte bar . 45.00 

Plumbing fixtures, pipe and tubing.. 75.00 

Radio, electric wiring and fixtures _ 75.00 

Insulation . 35.00 

Furniture . 70.00 

Airports and windows . 120.00 

Power plant . 560.00 

Steering gear ...-.-.-. 25.00 

Total Direct Material.$1450.00 

Labor—There is listed below a summary of the estimated labor cost in¬ 
volved in the construction of the boat: 

Ship titters ......$ 575.00 

Welders. 380.00 

Burners . 155.00 

Chippers . 120.00 

Machinists.-..... 120.00 

Electricians . 100.00 

Painters. 90.00 

Shipwright . 80.00 

Plumber . 50.00 

.-.-----. -30.00 

Helpers . 175.00 

Total Direct Material. $1875.00 


A szna.ll boat of welded steel construction possesses many advantages that 
are or interest to^ both the builder and the owner. The major advantages 
are listed herewith: 

(0 Welded steel provides a more efficient method of construction than 
‘ 0 . irGiiiDie with wood Decause it makes possible the simultaneous execution 
Gt vvorK f- six different sites as compared with two or three with wooden 
construction. This results in more efficient working methods applied by a 
greater numoer or men over a lesser period of time. Welded steel therefore 
itsei: more naturally to mass production than does wooden construction. 

(2) \\ e^ed steel widens the field of application of any given design. 
Duetto its greater strength and flexibility as compared with wooden com 
structiop mor ^ readily lends itself to minor alterations in construction to 
suit special requirements of building or operation. 

(3) Welded steel construction affords a wider margin of safety than is 
round in wooden construction due to its resistance and non-susceptibility to 
ixte. its inherent watertightness and its greater strength. 

(4) Welded steel construction is more durable than wooden construction 
which is very susceptible to rotting and marine animal life. Given the 
proper protection against corrosion and the proper preservation, welded 
steel will outlast wooden construction. 































Fig. 4. Comparison welded and wooden design. 


A summary of the estimated cost of building small boats of welded steel 
at the approximate rate of forty boats per year, each boat involving about 
2500 man hours is given herewith: 


Fabrication and layout . 

Bottom subassembly . 

Main deck subassembly . 

Deck house subassembly . 

Final erection . 

Machinery installation . 

Fitting out . 

Fuel wafer and stores 

Weight 

.. 4213# 

.. 1310# 

.. 675# 

.. 2700# 

.. 2011# 

.. 2891# 

.. 1200# 

Material 

$ 200.00 
85.00 
50.00 
75.00 
715.00 
325.00 

Labor 

$ 430.00 
360.00 
140.00 
150.00 
270.00 
215.00 
310.00 

Total 

$ 430.00 
560.00 
225.00 
200.00 
345.00 
930.00 
635.00 

TOTAL .*. 

...15000# 

$1450.00 

$1875.00 

$3325.00 

ESTIMATED OVERHEAD 




... 550.00 

ESTIMATED TOTAL COST TO BUILD . 


...$3875.00 


Advantages claimed for welded steel construction as compared with 
wooden construction assuming the weight and cost of each to be the same: 
(1), it lends itself more naturally to mass production. (2), it widens the 
field of application of a given design. (3), it affords a wider margin of 
safety. (4), it is more durable. 
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Chapter I—Welded Airplane Hangar 
By Van . Rensselaer P. Saxe, 

Consulting Engineer, Baltimore, Maryland. 



Subject Matter: Fabrication and erection of a hangar 131 feet 
by 244 feet of the truss'and'column type; believed to be the 
first all welded steel hangar. The riveted design required 282 
tons of steel; this welded design required 221 tons. Clips were 
used for temporary field connections prior to welding. Bottom 
chord connections of trusses to posts were welded after all steel 
was erected, so that truss deflections would not bend the columns. 


Van Rensselaer P. Saxe 


This history of the development of what the author believes to be the 
first all welded airplane hangar, 131 feet x 244 feet in size, is recited in an 
effort to show the greater economy, when compared to a riveted structure 
of this type, designed for ordinary truss spans with which design methods most 
engineers are familiar and which requires the simple fabricating practices which 
all shops can do economically with their present welding equipment. 

The writer further believes that after our present war effort, there will 
arise a demand for this type of hangar and that this illustration with its / 
general success, with comments on changes which he could make in another | 
similar design, which would simplify its fabrications, may be of benefit to | 
engineers having similar projects to design, be it a hangar or the same principle 
applied to a factory or similar building of smaller truss spans, but of the same 
structural nature. 

This structure started out to be the usual riveted structure of its type, until 
it was discovered as a result of preliminary design, that there was not enough 
money available to pay for the riveted steel required for the size structure 
set out in the appropriation made for its construction. 

- It was evident from these studies, that a drastic design change had to be 
made, so after further study, it was finally decided to adopt the use of a 
welded structure even though it was known that it must be finally approved 
by a government authority supposed to be well known for its not too friendly 
feeling towards welded structures. 

On this particular question it may be said that the approval by this 
authority proved to be only “supposed to be” for they cooperated to the 
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Fig. 1. Hangar partially erected. 


fullest extent, thereby- proving that one cannot always believe these so called 
“reputations. 0 

Since the erection of this structure, engineers have asked why we did not 
adopt the usual welded girder-type of rigid frame, commonly used in structures 
of this type on long-span work. 

There were certain considerations in this design which influenced the type 
of truss adopted and these were as follows: 

1, A Hat ceiling of insulating and sound proofing material was required 
over the entire hangar space. 

2, Traveling supported craneway tracks were required over large areas 
of the building for removal of motors and other equipment from planes. 

3, The type of horizontal sliding doors used at each end of the hangar as a 
matter of economy, required overhead track guides and bracing which worked 

I out more economically by using the truss design. 

4, The roof ns material used was a well known type of asbestos protected 
metal and the ceiling construction of a wood fibre insulation board, produced a 
combination which for dead weight was very low with the further advantages 
of a large air space between the roof itself and the insulating ceiling. The 
soundproof qualities of this type of ceiling were considered, and due to the fact 
that work might be in progress on planes, noise from which work is very much 
absorbed, making the building a better place in which to work. 

5, In the neighborhood in which this structure was to be built there was 
only one fabricator not equipped to bid on, fabricate and construct the truss 
type of structure, with the result of better competition for the job. 

Design loads were those required by the building code of the city in which 
the structure was built, as were also the steel allowable unit stresses and weld 
values were used conforming to the A.W.S. Welding Code for Fusion Weld/ 
ing in Buildings using heavy-coated electrodes. 

The original riveted design was made in accordance with recommendations 
of the A.I.S.C. and the usual shop and field practices for this type of structure. 

The welded design followed the same general rules, except that advantage 
was taken of continuity in roof purlin construction and placement of members 
of trusses to secure full advantage of the material as I will show later. 

A comparison of the two designs showed that the welded design made 
savings of weights of materials in the following specific places: 

1, roof purlins because of method used to develop continuity. 

2, trusses and wind bracing system because of no loss of material for holes 
deducted for tension members and the use of boxed angle sections for long 
compression members, and elimination of all large gusset plates. 






3, columns, no holes to be drilled and less material required for con' 
nection of trusses and for anchor bolt connections at base of columns. 

In the closest possible riveted design, there were 282 tons of steel, whereas 
in the welded design there were 221 tons, making a saving of 61 tons of steel. 

It should also be noted that there were shop process saving secured through 
the fact that details of connections were so designed that there were no punched 
holes in any main member. This was due to connection holes having been 
punched in the connection angles, which in turn were welded to the main 
members. No holes were punched in any truss members, in purlins or in the 
main columns, which were heavy enough to require drilling for good rivet w^ork. 

This meant no templates and entire job was shop fabricated without any 
main member going through a punch shop and all steel was entirely welded 
in the assembly bay of the shop in which it was turned out. 

Anchor bolt stiffener plates were welded to base of columns, after which 
the columns were milled for bearing on base plates and for bearing of top 
chord of truss at top of columns. 

At this point, it might be well to state that the method of connection for 
field assembly of the members of this building, was designed for use of the 
erection seat and clip. These articles are shop welded to the steel where 
required to connect to each other in the field erection work, and so hold the 
members together prior to the time when the field welding can be done. 

These articles were used throughout the job for connection of all steel 
members to each other and have certain definite advantages over field bolting, 
both in the shop work and in the field erection work in that they eliminate 
all punched holes. 

The general shop process consisted of sending the material previously cut 
to length, into assembly lines. 

Due to the diagonal bracing system there was a large number of irregular' 
shaped plates, which required no holes and which were cut from paper tern' 
plates. These plates were moved into welding shop where, by the aid of small 
jigs, the erection seats were welded to these plates. This part of the work was 
handled on a production basis, certain welders being continually on this work. 

The vertical and diagonal truss members were welded together in pairs, by 
certain other groups of welders. These completed members were placed in 
positions near the final assembly jig used for putting the trusses together. 

The top and bottom chord members were handled on a line where the small , 
gusset plates, required at certain panel points, were welded directly to thej 



Fig. 2. Truss pile. 








chord member, the small gussets having previously been prepared by grinding, 
for a V joint weld to the edge of the leg of the chord members, which it will 
be noted were tees made from split beams. _ After these welds were completed 
the welds were ground down, so that no interference would occur with the 
truss members which came down over this joint in the final assembly. On 
completion of this work, the plates previously prepared for the diagonal 
member connections were welded to these top and bottom chord members, 
at the positions in which they were required in the completed truss, the erec- 
tion seats and clips being placed along with these plates so that on completion 
each top and bottom chord "was completely assembled and ready for placing 
in the final assembly jig. 

This jig, made up with members as long as half the length ot the trusses, of 
two main members, spaced apart the distance between the top and bottom 
chords, was so arranged that when the chord members were placed on them, 
the chord members could be clamped securely in place, either in a straight 
position as for the top chord section or in a slightly curved position to make 
up the camber required in the chord sections. 



Fig. 3. Erection oi trusses. 

After these chords had been securely fastened to the jig then the web 
members of the trass were placed in position by selecting a previously fabri¬ 
cated pair of angles, driving a small wedge between them to open the ends, 
and sliding the open ends of the angle pairs to the proper position on the 
chords, at which location they were clamped in position, and tack welded 
after which the final welders followed up. 

This method of assembly allowed separate groups of men to work on the 
trusses at the same time, so that the assembly process and the final welding 
were completed in a remarkably short time for such large trusses. 

From this description, it will be understood that the previously described 
assembly left a completed truss, but with the members welded in place on only 
one side of the chords. 

When upper side was complete, then the clamps were released, the truss 
lifted from the jig, moved to one side about ten feet away and turned over on 
skids in position for welding the opposite side, which was done by welders 
working in groups. 

'With this welding completed the shop assembly of the trusses was finished 
and they were moved to painting skids. 

For the benefit of any one designing any similar trusses I would like to point 




out, that the use of the split beam sections is best for top and bottom chords, 
for the outstanding leg of the T under normal conditions gives sufficient leg 
on which to place weld for connection of web members. 

In the case of these particular trusses we found however that at some points 
it was necessary to get an additional depth of web in order to get sufficient weld 
length on the truss members. To accomplish this we used small narrow plates 
which were V welded to the upstanding leg of the T to give us more area 
for welding of the members. 

This proved, with the grinding which was necessary, to be an expensive 
and slowing up operation, for the chords, which were heavy, had to be crane 
lifted and turned over for this operation on each side of these small gussets. 
Checking this over with the shop foreman, we found that it would have been 
cheaper to have used a split beam of deeper web, for the chords, even though 
we wasted a small amount of steel in the design of the truss, for these items of 
cost were reflected in the bid price on the job. In other words even though 
we were to use slightly more tonnage our completed truss would have cost 
less to build and this would have been reflected in the ton price on the job. 

The use of boxed angle sections produces considerable saving in material 
required for compression web members. In welded trusses in which we have 
roof purlins framing so that tops of purlins are flush with top of chord of 
truss, we have found that pairs of channels placed toe to toe for vertical truss 
members, give a very simple connection condition for purlin connections to 
trusses, by making the connection to the back of the channel which in turn 
has been welded directly to the web of the T, thereby eliminating the neces¬ 
sity for gusset plates or the difficulty of making a welded connection on the 
outstanding leg of the usual pair of angles, which cannot be done without 
using punched holes in both angles and purlin. 

On other trusses to secure the same condition we have used I beam section 
for the vertical truss members. This can be easily done by slotting the web 
of the I at each end, so that the stem of the T section chords passes through 
the web slot. The weld is then applied along the slot sides and the stem of 
the T. As there is a tendency for these T s to bend about the web connection, 
if any rough job handling of trusses takes place, this use of Fs is only recom¬ 
mended when the webs of the Fs can be tacked at the edge of the T flange 
to keep them from rotating on their vertical axes. These Fs make a very good 
member for light trusses for they greatly simplify beam connections, to the 
vertical members of a truss. 

Our experience indicates that the source of economy in most welded work 
exists in the ability to get away from all punched or drilled hole work in main 
members, and to design so that holes are only required in connection fittings 
themselves, then welding the fittings to the members to be attached. 

The field erection work on this job proceeded in much the same manner as 
would have existed on a similar riveted job. 

The columns were erected on base plates and bolts which had previously 
been grouted and placed. It had originally been intended to weld the two 
halfs of each truss together on the ground, but due to lack of capacity of the 
crawler crane derrick sent to job, it was necessary to erect each half truss 
using a small A frame with vertical adjustments at near the end position of 
each half truss. After each half was erected the A frames were adjusted to 
give proper camber to truss, after which the two parts were welded together. 

As soon as a pair of trusses was erected then the ceiling, roof beams and 
bracing were placed. This process was repeated so that after the second pair 
had been erected with its filling in beams, then the short pieces of beams were 
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placed between the projecting, cantilever ends of the roof beams, which 
extended beyond the lines of each of the pairs or groups of trusses. 

When a group of four trusses with their filling in beams had been erected 
and plumbed, then the field welding on this section was started and com¬ 
pleted, while other trusses were being erected. 

The welding of all bottom chord connections of trusses was postponed 
until all steel was completely erected, so that ample opportunity was given 
for truss deflections to take place, so that these deflections would not bend 
the columns as so often happens in these long span jobs. The results in this 
case were most satisfactory for ail columns after welding of the bottom chord 
connection remained plumb. 

It might be well to mention here that our general experience with welded 
trusses indicates, that they are less subject to deflection than similar riveted 
trusses, probably due to the fact that there is less possibility for movement in 
the connected parts of the truss members. 



Fig. 4. End truss. 


The contracts for this work were awarded as a fabricated job shipped 
F.O.B. job site and an erection contract covering erection of steel as delivered 
to the site. 

Because of the fact that this fabrication came under provisions of a Federal 
law requiring conformity to certain conditions, the contract could not be 
awarded rc the low bidder, so it was awarded to a high bidder at $18,343 for 
the fabrication. 

The contract for the erection, including field welding being subject to the 
same conditions recited above, was let to a qualifiying contractor at $8000. 
This figure was considered quite high and in light of the fact that the actual 
job payrolls, which included all men working on the job, was $3400 it would 
seem that this contractor came out fairly well on this job of welded erection. 

The equipment required to erect the job was one crawler crane, and two 
ga* driven welding machines. 

It snould also be stated that the shop fabrication figure developed to a price 






Fig- 5. Bottom chord front bracing. 


t per ton for the welded steel fabrication which was the average ton price for 
riveted fabrication at the time this contract was let, so at least no penalty 
developed in the ton price for the welded job. 

It was considered that the erection price per ton was probably $5 higher 
than the amount for which a similar riveted job could have been let. 

This higher cost of the welded erection was undoubtedly due to lack of 
knowledge of what the actual field costs of such welded erection were. This 
seems to have been demonstrated by the payroll record kept on the job and 
leads me to the conclusion that the contractor’s erecting superintendent was 
correct, when after completing the work he was of the impression, that were he 
to do another job of similar nature, by use of a heavier derrick to enable him 
to raise a complete truss, he could cut his field costs so considerably, that while 
he could erect this type of work as fast, as riveted work, the field welding 
would have been more economical than riveting. 

It was considered in view of the known tonnages derived from the original 
> riveted design and the final welded design, that the net saving due to the use 
of the welded design amounted to approximately $6,163 which brought the 
cost of the erected steel frame within the original appropriation. 

In conclusion, the authorities in charge of this building were so well 
impressed with the welded structure, that two additions to the original building 
have been entirely of welded construction, although they are of entirely dif¬ 
ferent type, being of shorter span construction. This building has been recom¬ 
mended by those national authorities having it in charge as a design to be 
copied by other groups throughout the states, as the most economical type of 
hangar to use and had it not been for the stoppage in use of steel, more of 
these would have been constructed, instead of the numerous temporary wood 
hangars now being constructed at costs greater than this steel hangar. 

All work was done by qualified welders working under supervision of a 
qualified inspecting company. The erection seats and clips used in this work are 
patented articles which can be purchased in the open market. 

The writer regrets that he cannot give names of the authorities back of this 
project or of the contractors who so willingly co-operated in undertaking the 
fabrication and construction of a welded project, which was, as they said the 
largest piece of building welded work their shop had ever done. 
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Subject Matter: A detailed design for a welded connection be' 
tween beam and column that will have a shear value and re' 
sisting moment equal to those of the beam. 


R. P. V. f.’arquardsen 


Although the process of arc welding, as applied in structural engineering, 
has rrosressed rapidly in recent years, it seems to the writer that the one great 
opportunity for profiting from this process has been overlooked entirely, viz., 
the development of efficiently rigid connections for use between the several 
members of a structure. 

By an "efficiently rigid connection” the writer means a connection having 
a shear value and resisting moment equal to, or greater than, the shear value 
and resisting moment of the supported beam or girder. 

The chief advantages derived from the development and use of efficiently 
rigid connections may be summarised as follows: 

1, a reduction in the quantity of steel required for girders and beams, of 
not less than 25 per cent 

2, an increase in the allowable span length (as limited by deflection require' 
meats) of not less than 35 per cent, for any given beam supporting a given 

total load 

3, a more nearly rational basis for designing columns, due to the fact that 
the moments can be determined more accurately 

In order to develop mathematically an efficiently rigid connection, an 
analysis of the strength of the various types of welds in general use is a 
prerequisite. 

Such an analysis need not necessarily be absolutely correct mathematically, 
as long as the results obtained are known to be on the side of safety and are 
fairly accurate. As a matter of fact, the writer is of the opinion that the 
simpler an analysis is, the greater in all probability will be the number of 
engineers who will take the time to acquaint themselves with it. 

In order to simplify the analysis that follows, welds will be divided into 
four general classes: 

1, tension welds, which will include all welds that are subject to direct 
tensile stresses only 

2, compression welds, which will include all welds that are subject to direct 
compressive stresses only 
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3 bending welds, which will include all welds that are subject to bending 

4 shear welds, which will include all welds that are subject to shearing 
stresses principally 

Each of these classes will be subdivided further into several types, depend' 
jng on the shape of the cross-section of the weld, as for instance rectangular 
welds, triangular welds, sector welds, V welds, double'V welds, U welds, 
dcmble'U welds, etc. 



Fig. 1. Tension welds. 


The following nomenclature will be used: 

fr = allowable unit tensile stress in the weld material, in pounds per square inch, 
fe = allowable unit compressive stress in the weld material, in pounds per square 
|| inch. 

fjs = allowable unit bending stress in the weld material, in pounds per square 
( k inch. 

^ fsj= allowable unit shearing stress in the weld material, in pounds per square 
| inch. 

| a = width of weld, in inches, subject to direct tension or compression, in 
| tension and compression welds. 

I b = depth of “cantilever'’ in bending welds, in inches. 
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c = length of 'cantilever in bending welds, in inches. 

d = dimension, in inches, of eitner sice of the weld, in triangular shear welds, 
e = radius of the weld, in inches, in sector shear welds. 

1 = length of the weld under consideration, in inches. 

S T == total working strength of tension w T eld, in pounds. 

Sc = total working strength of compression weld, in pounds. 

Sb = total working strength of bending weld, in pounds. 

Ss — total working strength of shear weld, in pounds. 

Tension Welds—In Fig. 1 are shown several types of tension welds. 
Evidently the strength of these welds is the same, inasmuch as the shape of the 
cross-section of any tension weld, that is, whether rectangular, single or double 
V or U, dbvioush/is immaterial as far as strength is concerned. 

The* working" strength of tension welds therefore may be expressed by the 
following formula: 

St = a 1 f T .(D 


Compression Welds—Compression welds are similar to tension welds, the 
only difference being that the welds are in compression instead of in tension. 
The working strength of a compression weld therefore is given by the following 


formula: 


Sc — a 1 fc 


( 2 ) 


Bending Welds—In Fig. 2 is shown a bending weld. In analyzing the 
strength of this weld it is assumed that a tensile force P is applied as indicated 
and that bar A is so held that only tensile stresses will occur at right angles to 
section C-C of the weld. Evidently a similar analysis may be employed if a 
compressive force is applied in the same manner. 

The weld may be considered to be a cantilever, rigidly attached to bar A 
and supporting a varyingly distributed load whose intensities are proportional 
to the ordinates of the elastic curve of the cantilever, with the pointed end of 
the cantilever as the origin, the maximum load intensity being equal to f T . A 
parabola with its origin at the point of support very nearly fulfils this condition, 

■ See also Fig. 3). 


Considering a unit length of weld, the total load on the cantilever is — c f T , 
nd fr being the allowable unit tensile stress, the total strength of the weld (per 


unit of length), as far as section C-C is concerned, is — c f T . For all practical 
purposes only direct tension occurs at this section. 


The total shear along the line of support of the cantilever (section B-B) is 
2 

equal to the total load -y c f T . The section of the cantilever is rectangular at the 
support, and the maximum unit shear at the section, being one and one-half 

times the average, is therefore ~-cf T divided by ^ b = f T . This means that, 

3 3 b 

in order for the weld to be as strong in shear at section B-B as it is in tension 
at section C-C, the value of must be equal to If c is equal to b and if y 
11 300 

is equal to only r-~-, the total strength of the weld (per unit of length), as 

I J 3 vAA/ ^ 

far as shear along section B-B is concerned, is 0.580 c fT. 
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2 3 1 

The maximum bending moment at the support is — c f T times c = — c 2 f T . 

3 8 4 

The section modulus of the section being -- b 2 , the maximum fiber stress is 

o 

1 13 c 2 

— c 2 fx divided by — b 2 = — fr- If b is equal to c, the maximum 

3 2 

fiber stress is — fr 5 and the strength of the weld would be only — c f T divided 


3 4 

by — = — c f T , but if b is made 



greater than c ( == 1.22 c), the strength 


of the weld, as far as bending stresses are concerned, will be as strong as the weld 
is along section OC, assuming that fe is equal to f T . Obviously b should be made 
equal to 1.22 c for economic reasons. 

The w T orking strength of bending welds therefore may be found by applying 
the following formulas: 


When b is equal to c: 

Sb = ~~ c 1 f T .(3) 

When b is equal to 1.22 c: 

Sb = y C 1 fr.(4) 


Shear Welds—In Fig. 4 are shown two bars, A and B, welded together 
on two sides with shear welds. View (a) is a plan, (b) an elevation, and (c) and 
(d) alternate cross-sections of the bars and shear welds. The cross-section at 
(c) shows triangular shear welds and the cross-section at (d) shows sector shear 
welds. The two bars A and B, for the sake of simplicity in analysing the strength 
of the welds, are assumed to have equal cross-sectional areas. 

The ordinates of the curves shown at (e) indicate the distances that the 
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cross-sections of the bars (along the length of the weld) move from their original 
positions under the varying tensile stresses in the bars. The ordinates of the 
curve above line a-b represent tbe movements towards tbe right of tbe cross" 
sections of bar A, and the ordinates of the curve below line a-b represent the 
movements towards the left of the cross-sections of bar B. Either curve may 
be considered to be a parabola (which assumption is on the side of safety), the 
origin of the bar A curve being at a and the origin of the bar B curve being at b. 

Inasmuch as all corresponding cross-sections of the two bars move in opposite 
directions, the sum of any two corresponding ordinates represents the total 
movement (away from each other) of the two cross-sections under consideration; 
and inasmuch as the unit shearing stress in the weld at any point is proportional 
to the total movement of corresponding cross-sections at that point, it follows 
that the sum of the ordinates also represents the unit shearing stress in the 'weld. 

2 

The total area of the ordinates diagram is — 1 fs, which multiplied by the 

minimum depth of the weld gives the total strength of the weld per side. 

For welds of triangular cross-section, as shown at (c), the minimum depth 

ry 

of the w T eId is \f— d, and the total working strength of the weld per side 

is therefore d times y 1 fs,nor 

S s = 0.472 d 1 f s .(5) 

For welds whose cross-sectional area is the fourth part of a circle, as shown 
at fd), the depth of the weld is equal to e, and the total working strength of the 
weld per side may therefore be found by applying the following formula: 

Ss — y< 

In other words, the total working strength of a triangular shear weld is only 
about 70% of the total working strength of a sector shear weld, assuming that d 

is equal to e. 

Efficiently Rigid Connections—Formulas for ascertaining the working 
strength of tension, compression, bending, and shear welds having been derived, 
the design of a typical efficiently-rigid connection can now be developed. 

As an example, an efficiently rigid connection will be developed between a 
36-inch wide-fringe structural-steel beam and the flange of a 14-inch column. 
The result of this study is shown in Fig. 3 and references to this figure will be 
made throughout the design of the connection. 

For convenient reference, the properties of the 36-inch beam are listed below: 
Total depth of beam — 35 yi inches 
Width of flange = 12 inches 
Thickness of flange = ^de-inch 
Area of flange = 11.25 square inches 
Depth of web = 34 inches 
Thickness of web = yg-inch 
Area of web = 21.25 square inches 
Section modulus of beam = 502.9 inches 3 
The following numerical values for allowable unit stresses in the weld material 
will be used: 

fix* = 13,000 pounds per square inch 
fc = 15,000 pounds per square inch 
fis = 13,000 pounds per square inch 
fs = 11,300 pounds per square inch 
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The allowable unit stress in the beam and the connection plates will be 
taken equal to 20,000 pounds per square inch for tension, compression, and 
bending and equal to 15,000 pounds per square inch for shear. 

The design of an efficiently rigid connection may conveniently be made in 
three separate operations, viz;., designing the 

1, top-flange connection 

2, bottom-flange connection 

3, web connection 

and each of these three designs may be subdivided further into designs for (a) 
welds between connection plates and girder, and (b) welds between connection 
plates and column. 

This procedure will be followed in the design of the typical connection 
under consideration. 



Fig. 3. Deflection diagram. 

Top-Flange Connection—The cross-sectional area of the top flange is 
11.25 square inches and its total working strength is therefore 225,000 pounds. 

A 9-inch wide by lJ/^-inch thick connection plate has the same cross-sec¬ 
tional area and is therefore adequate. 

To allow for necessary adjustments during erection, only field welds should 
be used, and overhead welds should therefore be avoided. 
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The welds between the connection plate and the beam may consist of: 

1, bending weld (V/4 X 1 5 A X 9") ' 

By Formula (4) = 2.5 X 1*4 X 9 X 13,000 = 97,500 pounds 

2, sector shear welds (each V /4 X 7") : 

By Formula (6) = 2 X 2 /i X 1J4 X 7 X 11,300 = 131,800 pounds 


Total — 229,300 pounds 

Or, if it is desired to use right-angle equilateral triangular welds, the 
following combination may be used: 

1, bending weld (V /4 X V / 4 X 9"): 

By Formula (3) = % X V/4 X 9 X 13,000 — 65,000 pounds 

2, triangular shear welds (each V/4 X V/4 X 12") : 

By Formula (5) = 2 X 0.472 X 1*4 X 12 X 11,300 

= 160,000 pounds 


Total — 225,000 pounds 

Other combinations, of course, could be used. 

The welds between the connection plate and the column may consist of: 

1, tension weld (V/4 X 9"): 

By Formula (1) = V / 4 X 9 X 13,000 = 146,000 pounds 

1, bending weld (iKe X l/ie X 9") : 

By Formula (4) = y 3 X iHe X 9 X 13,000 = 83,000 pounds 


Total = 229,000 pounds 

The total potential stress in the top flange of the beam is now transferred 
to the adjacent flange cf the 14-inch column. 

To transfer one-half of the stress to the other flange of the column to obtain 
equal distribution, two plates (one on each side of the column web) may be 
shop-welded to the flanges. 

The cross-sectional area of these plates need only be one-half of the area 
or the connection plate. 1 heir center lines should coincide with the center line 
ct the connection plate, as indicated in Fig. 5. If each plate is 5-inch x //inch 
tne welas to each column flange per plate may consist of: 

1, tension weld {/q X 5") : 

, r omuiia (i) = 54 X 7 X lo,000 = 40,600 pounds 

1 , rending weld (54 X 5") : 

By Formula (3) = % X 54 X 5 X 13,000 = 18,100 pounds 


^ , Total = 58,700 pounds 

X ue weios ot course can be made in the shop. 

^ Bottom-Flange Connection-—The connection plate for the bottom flange 
snoula be shop-weidea to trie column and be provided with a vertical stiffener 
(as indicated in Fig. 5) so that it may be used as a seat for the beam during 
erection. Aiso, it must be wider than the beam flange in order to furnish a 
base ror Feld welding to the beam. 

A 14-inch x %'inch plate will fulfil this requirement and will be adequate 
as far as cross-sectional area is concerned. 

The welds between the connection plate and the beam may consist of: 

2, sector shear welds (each //' X 17") 

By Formula (6) = 2 X 2 A X ls / 16 X17 X 11,300 = 225,000 pounds 
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The welds between the connection plate and the column may consist of: 

1 tension* weld (Vs X 14") 

By Formula (1) = ^X 1 X 14 X 13,000* = 159,000 pounds 

2 bending welds (each X %> X 14") 

By Formula (4) = 2 X Z A X /l6 X 14 X 13,000 = 76,000 pounds 

Total == 235,000 pounds 

* (Assuming that there might be a reversal of stress due to wind forces, it 
would seem advisable to use allowable tensile stresses rather than allowable 
compressive stresses). 



The welds of the stiffener plate need only be nominal: A ^-inch com 
tinuous weld on each side will suffice, (See Fig. 5). 

The same she transfer plates and welds used at the elevation of the top 
flange of the beam, to transfer one-half of the stress from one column flange 
to the other, may be used at the elevation of the bottom flange of the beam. 

Web Connection—The cross-sectional area of the web is 21.25 square 
inches and its total allowable working strength is therefore 425,000 pounds. 
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Two 32'inch x 34-inch connection plates could be used as far as area is 
concerned, but difficulty would be encountered in getting sufficiently strong 
welds. Two 32dnch x %'inch connection plates will fit the conditions better. 

The welds between each of these connection plates and the beam may 
consist of: 


1 , bending weld (% X 1 'lie X 32") : 

By Formula (4) ~ % X % X ^ X 13,000 


= 208,000 pounds 


which multiplied bv 2 gives the total working strength of the two plates, or 
416,000 pounds. This is 9,000 pounds less than the working strength of the 
web, but this deficiency, if so desired, may be made up by the use of a few 
plus' welds as indicated in Fig. 5. 

The welds between each connection plate and the column may consist of: 

1 , tension weld {% X 32") : 

By Formula (1) = % X 32 X 13,000 == 312,000 pounds 

which multiplied by 2 is equal to 624,000 pounds for the two plates. 

Neither the total working strength of the web nor that of the weld material 
is, of course, ever fully developed in bending, since the unit stress varies from 
zero at the center of the web to a maximum at the top and bottom, but it would 
seem logical to make the weld at least as strong as the web itself in order to 
obtain the same stiffness throughout. 


General Check—The designs of the top-flange, bottom-flange, and web 
connections constitute the entire design of the efficiently rigid connection, but 
a general check on the connection as a whole may be made as follows: 

The section modulus of the beam is 502.9 inches 3 and the total resisting 
moment is therefore 10,058,000-inch pounds. 

The total resisting moment of the top-flange, bottom-flange, and web con' 
sections may be computed roughly in the following manner: 

The distance between the centers of the top and bottom connection plates 
is 36 15 1*5 inches and the allowable working strength of either connection is at 
least 225,COO pounds: hence, the resisting moment of these two connections is 
225, GC0 X 36 1 9ic — 8,310,000-inch pounds. 

The minimum weld strength of the web connection is 416,000 pounds. 
The depth of the plates is 32 inches, and the distance between the centers of 
the top and bottom connection plates is, as stated above, 36 1 %6 inches. The 
total resisting moment of the web connection (by the section-modulus method) 
is therefore 

41 .< non v 

-- X - z p~ iT> —= 1,920,000-inch pounds 

Ag 

which, added to the resisting moment of the top and bottom flange connections, 
makes a total of 10,2 3 0,000'inch pounds for the efficiently rigid connection 
and is slightly greater than the resisting moment of the beam. 

The allowable total shear on the unstiffened web of the 36-inch under 
consideration is 268,800 pounds. 

The minimum shear value of the connection welds is the shear strength of 
the welds between the connection plates and the beam, which by Formula 
(5) is equal to 

2 X 0.472 X % X 32 X 11,300 = 256,000 pounds. 

This is slightly less than the allowable shear on the web, but it should 
be good enough for all practical purposes inasmuch as shear seldom governs 
the size of the beam. If so desired, a few plug welds could be added to compen¬ 
sate for the deficiency, or the wields could be changed to sector welds. 
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Concluding Remarks—The writer does not claim that the foregoing 
analysis of the strength of the various types of welds is absolutely correct 
1 ^thematically, nor that the preceding development of efficiently rigid con¬ 
i' sections is the only correct solution. His chief purpose has been to call 
j attention to a great opportunity for advancing the arc welding industry that 
seemingly has been overlooked and incidentally to point out the steps that 
-odd be taken to remedy the situation. 



SECT/O/V C-C 


/VOTE- 

Eor Type c//7<V 
5/ze of y\T&/c/s, 
see fexf. 


Fig. 5. Efficiently rigid connection between beam and column. 

The present practice among structural engineers (and, by the way, the 
only one sanctioned by many city codes) is to design the various beams and 
girders in a building as simple beams. 

Nor is this practice very much out of line where so-called standard riveted 
connections are used, as a thorough analysis of such connections will show 
quite readily. As a matter of fact, the angles of all standard riveted connec¬ 
tions are stressed beyond the elastic limit and to such an extent that the resist- 
ing-moment value of the connections as a whole is very small—practically nil. 

But handbooks for riveted connections are at hand and it is so easy to follow 
the line of least resistance; hence, riveted connections and simple-beam 
’ ‘ j! ! \ 
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And, now, what steps could be taken to remedy the situation? 

The writer suggests that the James F. Lincoln Arc Welding Foundation 
prepare (or arrange to have prepared) for general distribution among struc¬ 
tural engineers, designers, and draftsmen, and at a nominal price, a real 
"Handbook on Welding for Structural Engineers", similar in character to 
the handbook issued by the steel companies or by the American Institute of 
Steel Construction. 

Such a handbook should contain, in addition to the usual tables and general 
data of interest to structural engineers that are found in the other handbooks 
referred to above, a thorough analysis of the strength of the various types of 
welds and (instead of tables for standard riveted connections and other rivet 
information) tables for standard efficiently rigid arc welded connections, 
properly arranged for ready reference. It should also contain a treatise showing 
how such standard arc welded connections should be designed. In short, the 
handbook should be a reference book and a textbook combined, free from all 
advertising matter. 

Any opposition by city codes to a rigid-frame design surely can be over¬ 
come if adequate proof is presented that really rigid connections can he con¬ 
structed. 


Proportionate Cost Saving—The proportionate cost saving per complete 
unit, that is, by using an efficiently rigid arc welded connection instead of a 
riveted connection, is net found in the actual costs of the two types of con¬ 
nections, which probably do net differ a great deal, but in the quantity of steel 
saved in the beam or girder occasioning the connection. 

Fcr instance, if the sice of a given beam with a riveted connection is found 


by using a bending moment equal to-—-—, the sice of the same 


ueam wim an 


efficiently rigid arc welded connection would only be required to take care of a 
bending moment equal to——or less, or in other words there would be a 


proportionate saving of at least 25 per cent. 

Estimated Total Annual Gross Savings—The total annual gross savings 
accruing from a general adoption in the United States of efficiently rigid arc 
welded connections for use in structural steel buildings may be estimated as 


Assume that the annual United States production of structural shapes and 
plates is 2.5? J.0C3 tens fcr a normal pre-war year, and that about 50 per cent 
cf this tonnage is used in buildings. Assume further that about 65 per cent 
cf the building steel represents girders and beams, the remaining 35 per cent be- 

Tne total steel used for girders and beams would therefore be 2,500.000 
X 0.50 X 0-65 = 810,000 tons. The total saving of this tonnage is not less 
than 25 per cent or about 200,000 tons, which at an erected price of $100 
per ton gives a total annual gross saving of $20,000,000. 

Increased Service Life. Efficiency, and Social Advantages—There would 
probably be no increase in service life accruing from the adoption of efficiently 
rigid arc welded connections, but neither would there be any decrease. 

Any efficiency accruing would be in the saving of time and labor in con¬ 
nection with the preparation of the detailed plans for the building. Such 
saving of time and labor, as any structural engineer can readily perceive, would 
not be inconsiderable, provided a real "Handbook on Welding for Structural 
Engineers", such as is described above, is at hand. 
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Among the social advantages accruing from the use of efficiently rigid 
arc welded connections may be mentioned: (a), the elimination of a lot of 
noise during erection; (b), lower total cost of the building; and, (c), a more 
rigid structure with less vibration and less swaying during severe wind storms. 

Data on Costs and Cost Comparisons—As previously stated, the pro- 
portionate cost saving in using efficiently rigid arc welded connections instead 
of the usual riveted connections is found in the quantity of steel saved in the 
girder or beam occasioning the connections. The cost of the connections 
themselves evidently is very small as compared with the cost of the girder or 
beam, and hence there would be no object in making elaborate comparisons 
between the cost of a riveted connection and the cost of an efficiently rigid 
arc welded connection, especially since the actual costs of the two types of con¬ 
nections probably would be about the same at any rate. 

Final Comment—The foregoing discussion should show conclusively 
that the general adoption of efficiently rigid arc welded connections in the 
design and construction of structural steel frames for buildings would constitute 
real progress in the process of arc welding. 



Chapter HI—Steel and Concrete Bridges Compared 

By Glenn L. Enke 

Assistant Chief Engineer , Utah Pomeroy Morrison, Provo, Utah . 



Glenn L. Enke 


Subject Matter: Girder-type highway bridges. Detailed cost 
data for two bridges built near each other and at the same time. 
One bridge was of an all welded design, with full composite 
action of the concrete floor slab. The other bridge was of con¬ 
ventional riveted design with a limited amount of welding on 
secondary members and making but little use of the slab in 
composite action. 


Modern bridge design demands strict adherence on the part of the 
designer to the economical use of materials. This was especially true 
throughout 1940 and 1941, in order that increased demand for new highways 
and wider highways by the users of these facilities could be handled within 
the limits of the highway gasoline tax funds available for such purposes. As 
highway bridges are a necessary part of any highway building program, 
it was necessary to make the available bridge construction funds stretch 
ever as many projects as possible. 

Present "war production demand for bridge building materials makes it 
even more necessary that structures be designed to meet the essential load" 
carrying requirements with the most effective use of materials. 

Economical bridge design produces a least combined cost of bridge super¬ 
structure and substructure to satisfy given live load specifications; subject 
to underclearance requirements for navigation or. in the case of a grade 
separation structure, highway or railway traffic clearances. The majority of 
bridges are, therefore, in the short-span range between 20 and 100 feet and, 
individually, attract little attention from engineers at large. 

On occasion, it is necessary to construct a bridge of major proportions 
across an important waterway. Considerable attention is focused upon these 
structures because of their site; yet, in terms of financial expenditures per 
year, the small bridge of short-span length deserves real attention, because, 
in the two-year period covering 1940 and 1941, approximately 30 million 
dollars was spent in the United States by various state and municipal agencies 
on bridges with spans of 40 to 80 feet. As very few individual bridge 
projects exceed this expenditure but require considerably more than two 
years to construct, the small bridge of short span deserves considerably more 
attention and thought than it now receives. 

A 24 per cent reduction in expenditure for bridges in the 40 to 80 foot 
span range is worth approximately $2,800,000 annually. This paper will 
show that an all-welded composite steel beam and concrete slab bridge in the 
60 foot span range will save 24 per cent of the cost of the ordinary type of 
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st eel beam and concrete slab bridge, which does not utilise the concrete slab 
to resist stress. 

It will also show that an all-riveted design can hardly justify the use of 
the slab in a composite girder section, as the high cost of providing a 
riveted shear key between slab and girder, absorbs all but 3 per cent of the 


53.V1115* 

It will show that the composite steel beam and concrete slab design is 16 
percent more economical than an all-reinforced concrete design in the 60-foot 
span range; whereas, the ordinary riveted type of steel beam and concrete slab 
design costs 10 per cent more than the reinforced concrete design in this span 
range. Prior to the use of composite steel and concrete slab designs, it was 
more economical to use reinforced concrete up to spans of 60 to 80 feet; 
the variation in this length being determined by the relative prices for 
structural steel, reinforcing steel, and concrete in any one locality. 

Increased use of all welded composite steel beam and concrete slab 
bridges, will bring the economical span range from 60 to 80 feet down to 
40 or 50 feet, as well as secure other advantages described hereinafter that 
are not directly reflected in construction cost. 



Fig. 1. Structure "A", view along center line. 


While this paper is primarily designed to show advantages of welding : 
structural steel bridge construction, there are other less tangible bi 
important considerations that favor the use of structural steel in brid^ 
construction over reinforced concrete. Plastic flow of reinforced concre 
subjected to high compressive stress, becomes appreciable in long-spc 
bridges of shallow depth, and results in poor riding qualities on the brid^ 
deck due to excessive dead load deflections between piers over a period < 
time. This undesirable characteristic is not taken into consideration in d 
termining construction cost, but should merit considerable attention, as tl 
center traffic stripe, sufficient roadway width, and the presence (or abseno 
of a smooth riding surface constitute the only items of immediate interc 
to the public highway user. 

Two all welded highway bridges, featuring use of the concrete roadw 
slab as an integral part of the steel girder section, have been designed by t 
writer and constructed by his organisation during the two-year period,^ 19 
to 1942. These bridges, referred to hereinafter as Structure “A” a 
Structure “B”, were designed and constructed to conform to American We 
ing Society specifications, which, however, were not at that time, and are r 
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Fig. 2. Structure "A", oblique side view. 

now recognised by the American Association of State Highway officials for 
main stress carrying members. 

The A.A.S.H.O. viewpoint on welding is stated in their 1941 Specifica- 
tions as follows: 

“Welding is not permissible in main members or their connections where 
the failure of the weld would endanger the stability of the structure. 11 

Briefly, this viewpoint says: “Welding is not reliable. 11 The writer firmly 
believes the reverse to be true, assuming intelligent designing for welding, 
and carefully planned shop and field welding procedures. 

As the two bridges mentioned did not lie on Federal Aid Highway routes, 
it was possible to construct them without adherence to the welding restric¬ 
tions set forth in the A.A.S.H.O. Specifications. 

By coincidence. Structure “A 11 was adjacent to, but on a different high¬ 
way route than another bridge to be referred to as Structure “C’\ Both 
bridges cross the same river, and are within two miles of each other, and 
were advertised for bids within a three-month’s period. Structure “C 11 is on 
a Federal Aid Highway route, however, and could not employ welding for 
main members. 

The concrete slab on Structure “C 11 was not allowed for composite 
action to resist dead load, as welded shear keys were used. The bureau did, 
however, permit its consideration for live load only in view of the relative 
improbability cf maximum live loads ever being on the structure. 

It is therefore possible to show comparative costs of the all welded design 
with full composite action of concrete slab versus a similar riveted design, 
with a limited amount of welding on secondary members, and relatively 
little use of the slab in composite action. 

Typical details of Structure “A 11 are reproduced herein, together with 
detailed estimates of welding cost, and probable riveting cost if riveting had 
been used. Structure “A 11 did not conform in all respects to the plans, how¬ 
ever, tor construction oi the girder field splices. The contractor elected to 
mill the 61-foot-span rolled girder beams to exact length, to obtain J/s-inch 
field welding clearance, rather than use the filler bar arrangement shown 
on the plans. Difficulties arose due to joints not matching up to give a 
uniform j/g-inch clearance. Further difficulties appeared in erecting, as 
fabricated lengths did not agree with pier locations. It was agreed on the job 
that the filler bar arrangement, called for on the plans, was preferable to 
the one used. 

Structure “B 11 conformed to the plans, but was rather poorly fabricated. 
One noticeably bad shop error was scarfing the bottom flanges of the rolled 
girder beams from under side, instead of top side, requiring all overhead 
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welding on the bottom flange splices instead of downhand flat welding as 
had been planned. 

Construction pictures of Structures “A” and are reproduced here in 

Figs. 1 to 1? inclusive. 

1 . Composite Girders—Welding offers large economies in the design of 
composite steel beam and concrete slab bridges, in which the concrete slab 
is used as the top flange of a “tee” girder section. 

Very few composite steel and concrete bridges have been built, because, 
among other reasons, the expense of an adequate riveted shear connection 
between slab and girder is prohibitive. The writer has developed satisfactory 
construction details for this type of bridge, using an all-welded design in 
steel with butt welded field splices in heavy rolled beams and welded shear 
keys. Two structures of this type have been built by the writer’s organisa¬ 
tion and are the first of their particular kind to the best of his knowledge. 

Rolled steel beam and riveted steel plate girder spans represent one of 
the earliest modern types of bridges. Scientific development of design and 
construction of reinforced concrete to its present high standard of quality 
has led to the use of a concrete deck slab supported upon longitudinal steel 
beams or girders. This highway bridge type is the most successful one ever 
developed, as “time'” deflection of the concrete slab due to plastic flow pro¬ 
duces transverse deformation only and does not affect the surface riding 
qualities of the bridge. 

Very few bridges of this type, however, have used the concrete slab as 
a top flange. This has been due primarily to the expense of developing a 
good riveted shear key to resist the horizontal shearing stresses created 
between the top girder flange and the concrete slab that occur whenever 
the girder section receives load and is deformed by the resulting bending 
moment. To ignore this stress is to assume that the slab will slip along the 
top flange of the steel beam. Actual results show an undetermined amount 
of friction. Because it is undetermined, two bad effects result: 

1 . The ability of the slab to resist stress is neglected, resulting in the 
use of an excessive amount of steel in the girder. 

2. Dead load deflections cannot be accurately determined. This fre¬ 
quently results in undesirable riding qualities of the finished bridge deck, 
when an estimated (rather an assumed) deflection fails to materialize, or is 
excessive. A positive shear connection permits an accurate determination of 
deflection of the composite section, subject only to the usual variation in 
modulus of elasticity of the concrete. 



Fig. 3. Structure "B", view along center line. 
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Welding is ideal to overcome this condition as it permits practically any 
type of key to be connected to the flange using fillet welds of proper length 
and size to develop the horizontal shearing stresses. 

2 . Shear Keys—A riveted shear key on a rolled beam requires the drilh 
ing of holes in an otherwise blank top flange. (All of the deeper wide flange 
sections have a flange too thick to punch). 

An angle shear key is probably the only satisfactory type using rivets, 
but it requires a horizontal leg of sufficient length to accommodate a line of 
rivets. The vertical angle leg, however, is the only useful part of the key 
as the vertical area in contact with the concrete times the permissible unit 
bearing stress against concrete in a confined area determines the value of 
the key. As this vertical leg is subjected to heavy bending stress a fairly 
thick leg is necessary to permit any reasonable height of angle. As the 
horizontal leg must be equally thick and of sufficient width to accommodate 
rivets, 50 per cent or more of the angle weight is wasted in engaging rivets 
rather than resisting bearing shear. 



Fig. 4. Structure "B", oblique side view. 


Zee shapes have been used for this purpose but are difficult to obtain 
due to infrequent rolling schedules and require even more metal. They 
do serve to lock the slab down to the beam, which, however, is an advantage 
more apparent than real, because bending stresses in a beam do not cause 
vertical separation of beam elements. 

A welded shear key comparable to a riveted angle is a single bar of 
prepcrticr.ate height and thickness welded to the flange. No metal is 
was tec; ci... the key is used to resist bearing. A welded key therefore 
weighs 50 per cent or less than a riveted key of equal shear value. 

From a practical standpoint further economies appear. Rivets in an 
angle must be arranged symmetrically in pairs using not less than two rivets 
to secure equal loading. This means that the shear key value changes by 
increments of 12000 pounds or 16000 pounds (for %dnch or %'inch rivets). 
Welded shear keys may be proportioned to any shear key value, using a size 
and length of filet weld to meet exact requirements. 

Considerable waste is therefore present in the riveted arrangement, as it 
is unusual when equal strengths will result in both rivets and angles; further, 
angle widths in the desired range vary by J/2"inch units, whereas, flat bars 
^or welding may be obtained from stock in J/^Anch increments. Extreme 
flexibility in design is therefore obtainable with the welded key in addition 
to the initial weight saving of 50 per cent or more. 
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Fig. 5* ( *)■ Structure "A", steel erection falsework. Fig. 6, (right). Structure "A", general 

steel arrangement. 


3 . Girder Splices—A butt welded field girder splice is used with the fob 
lowing essential characteristics: 

a) A nominal 2'inch field clearance between ends of girders is pro- 
vided for erection purposes 

b) Ends of beams are square cut (either hot sheared at the mill or 
flame cut in the fabricating shop). 

c) Flanges and webs are scarfed for welding. Flanges are scarfed 
from the top only with single Vee to permit down hand welding. Webs 
are scarfed from both sides for a double Vee weld 

d) Filler bars of proper width are inserted into the opening, and field 
welded to each end of each girder. 

Allowable stresses on this type of joint are 85 per cent of the full section 
in conformance with American Welding Society Specifications because of 
the single Vee flange weld. This is ample, however, as the splice is always 
located near the 0.25 point in the span where maximum positive or negative 
moments for dead plus live load rarely exceed 40 per cent of the beam 
strength. The advantage of down hand welding is considerable, as overhead 
welding from staging hung on the beam is difficult and expensive. A final 
overhead pass is necessary on the flanges after cleaning out the root of the 
first down hand pass. 

The nominal 2-inch field clearance requires filler bars 1%-inches wide, 
and of thicknesses equal to beam flange and web thicknesses for proper butt 
welding of the splice. As the nominal 2-inch clearance may vary con¬ 
siderably, due to mill cutting tolerances if hot sheared, and temperature at 
time of erection, stock lengths of bars in widths varying by 14-inch are 
made available to the job, thus insuring a field welding clearance on each side 
of the filler bars of not greater than ]4-inch. These bars are readily flame 
cut to length in the field. In the event a tapered filler bar becomes necessary 
due to vertical curve, camber or inaccurate beam cutting, a suitable bar can 
be flame cut to proper shape at the job with little trouble. 

For greatest economy composite beam and girder spans should be sup¬ 
ported at their 3rd points with temporary bents until the slab has been 
poured, as it permits the composite section to resist full dead load, as well 
as live load. It also furnishes false work for steel erection which, while not 
essential, is very desirable and affords opportunity to jack the beam into 
exact position at the splice and requires a bare minimum of splicing material 
for fitting up purposes. 
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In the two completed structures described herein, two small splice plates 
fastened on one side of the web, with 2 bolts in each plate were sufficient to 
rigidly hold the splice in position for field welding. These were removed 
as soon as tack welding of the filler bars was completed. The sequence of 
welding at a typical splice is shown in the accompanying photographs. 

The contract drawings and specifications outlined general requirements 
to the effect that step welding was to be used and total amount of weld 
kept symmetrical about both axes of the beam. The welding schedule for 
field splices provided for welding of all splices in any one span and uniformly 
working from this span in both directions toward a deck expansion joint. 

Temperature and shrinkage stresses in the splice during the welding 
process were largely eliminated by providing for a temporary sliding com 
nection on "each pier. This procedure reduced shrinkage stresses due to 
welding to a minimum and assured an accurate control of temperature 
stresses in the finished structure. Girders were welded down to the piers, 
only after all splices were welded, concrete deck poured, and at an average 
air temperature for the region. 



Fig. 7. Structure "A", progress view showing steel erection and concrete deck slab forms. 

4. Pier Bearings—The pier bearing is a compact welded plate assembly 
using a 2j/4-inch wade rocker bar resting upon a base plate. The edges of the 
rocker are chamfered to prevent excessive edge stresses when beam rotation 
occurs due to deflection. This construction is much less costly than machim 
ing the rocker bar to a large radius and serves the same purpose in a prac¬ 
tical way as the angular deflections at this joint, due to live load and 
temperature, are extremely small. Small keeper bars prevent lateral and 
longitudinal slippage and effectively transmit temperature and earthquake 
stresses to the pier, yet do not interfere with the hinging action of the joint 
for rotation. 

As noted above under ""Girder Splices”, the pier assembly is field welded 
to a small beam set flush into the top of the concrete pier. This beam con¬ 
tains less steel, is more rigid than a base plate, requires no anchor bolts, and 
is therefore less costly, and more satisfactory. 

The absence of anchor bolts in the welded asse m bly is particularly 
helpful during construction, as a slight misalignment in any direction is of 
no consequence. The bearing beams must be held to proper grade, which. 
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Fig. 8, (left). Structure "A"* underside view. Fig. 9, (right). Structure "A", side view 
showing typical pier and deck details. 


however, is not difficult, as the beams bolt through the top flange to cross 
struts directly to the pier forms. 

A similar bearing assembly design in riveting would involve expensive 
countersinking of rivets and in general produce a weak joint. For this 
reason, other types of bearings, such as a steel pin between two steel castings, 
have been more satisfactory than a riveted bearing. The total cost of this 
welded bearing plate assembly is approximately 20 per cent of a steel 
assembly, and is distinctly more compact and better appearing. 

5. Cross Diaphragms-—Intermediate cross diaphragms between longi¬ 
tudinal girders in a bridge serve two purposes: 

(1) , distribution of live loads between girders when live load is applied 
eccentrically to the bridge in the central portion of the span. This ec¬ 
centricity results in unequal girder deflections, and creates severe shearing 
and bending stresses in the intermediate diaphragms. 

(2) , provides rigid edge support to the roadway slab at slab expansion 
joints. A rigid diaphragm is very important at these locations, as the 
passage of live load across an open slab joint, causes high impact and a rough 
riding surface unless both edges of the slab are at the same elevation and 
rigidly supported. 

The all-welded diaphragm used in this design is shop fabricated from a 
14-inch WF @ 30 pounds and two gusset plates, one at each end, butt 
welded against the beam flange parallel to the beam web. 

The intermediate diaphragms are erected with the 14-inch beam sup¬ 
ported upon the bottom flange of the girders with gusset plates lap welded 
against stiffener plates on the girder webs. Two erection bolts are used to 
hold the diaphragm in position for field welding. Weld positions are ar¬ 
ranged to eliminate overhead welding. The roadway slab does not rest upon 
these diaphragms, as it is important that transverse slab supports be elimi¬ 
nated as far as possible in the interests of a good riding surface, for reasons 
described earlier in this paper. 

End diaphragms at expansion hinges are identical to the intermediate 
diaphragms, but lap under the girder top flanges, with gusset plates under- 
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neath. The roadway slab is supported upon these diaphragms as noted 

above. . 

The diaphragm design described herein, and shown m the accompanying 
illustrations has proven very satisfactory in the finished structures. The 
decks are noticeably more rigid than similar riveted structures under passage 
of live load in spite of the high ratio of length to span depth and show a 
marked reduction in vibration due to live load impact. While the rigidity 
is accomplished principally by making full use of the slab with a good type 
of welded shear key, the all-welded diaphragms play their part in reducing 
the live load impact vibration that is noticeable to a marked degree in an all- 
riveted span. 



Fig. 10. Structure "A", outside girder showing completed field splice. 


6 . Girder Expansion Joints—Girder expansion joints, necessary to relieve 
temperature stresses, are located near the quarter point of a span to avoid 
disrupting the continuous girder arrangement. Distances between joints are 
dependent upon the flexibility of the concrete piers supporting the girders; 
which in the two structures described, were made as slender as possible and 
attached with a hinged connection, described earlier in the paper, to each 
girder. 

In one of the structures described, pier heights were sufficient to permit 
a disicinze between expansion joints of 390 feet. This distance creates a 
total change in length of 3 inches over a 100-degree temperature range, 
requiring a normal joint opening of 1 ^finches + 1-inch clearance, or 2 1 /y 
inches. 

Two tension hanger plates, suspended from a steel pin through the 
cantilever side of the expansion joint, support the span on the other side 
of the joint by a similar pin. These pins extend through the girder webs 
which must be reinforced with pin plates for bearing against the pin. 

The pin plates are welded to the girder webs prior to boring the pin 
holes. As welding produces a rigid connection, in contrast to the consider' 
able slippage necessary to cause a riveted joint to act, welded pin plates 
are definitely more satisfactory than the riveted for this purpose. 

Lateral motion of the span beyond the expansion hinge, due to wind or 
seismic forces, is prevented by two small guide bars, welded on one side of 
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Fig. 11. Structure "A", sidewalk and railing details. 


one joint to the girder flange and bearing against guide bars on this other 
flange. The detail is readily put together and field welded after. The girders 
are assembled and adjusted to line and grade. 

General Data 


Structure “A” “B” “C” 


Total length .- . 

1374' 

260' 

630' 

Total width .-. . 

3 5'—6" 

30'—4" 

30'—4" 

Tvpical span length ... 

61' 

58' 

59'—6" 

Roadway width . ... 

26' 

26' 

26' 

Sidewalks . . 

1—5' 

None 

None 

Structural 

Steel 



(a) Total weight in pounds . 

665,850 

125,650 

3 23,000 

(b) Unit price per pound, fabrication . 

$0,065 

$0.07 

$0.0625 

(c) Unit price per pound, erection . 

$0.02 

$0.02 

$0.02 

Concrete (Structure) 



(a) Total volume in cubic yards .. 

2025 

410 

960 

(b) Unit price per cubic yard, in place . 

$18.50 

$22.00 

$18.00 

Total cost of bridge . 

.$169,920.00 

$33,945.00 

$83,220.00 

Unit cost per square foot . 

$3.54 

$4.30 

$4.35 


Shop Welding Costs 

?P eec 5 trcfde ^ -Cost in Dollars- Total 

Lineal 


r eet Per Cost 

Hour 

5/16" Flat 27J/2 0.285 .04 .03 .005 .075 7928'-0" $594.60 

5/8" Flat 20 .37 .05 .04 .007 .097 916'-U" 88.94 

VT Flat 10 .70 .10 .08 .014 .194 303'-7" 58.89 

Za Flat 17J/2 .36 .06 .04 .007 .107 143'-9" 15.38 

Total Cost .......$ 757.81 

Operation Factor 100% . 757.81 

Total. 1515.62 

Profit, overhead, etc,: 100% . 1515.62 

Total shop cost . $3031.24 
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Field Welding Costs 




Speed 
Lineal 
Feet Per 
Hour 

Elec¬ 
trode 
Pounds 
Per Foot 
of Weld 


n 

■ O S v 1XI. 

Dollars- 

Power 


Total 


Size 

Type ■ 

Labor 

Elec¬ 

trode 

Unit 

Total 

Lineal 
Feet 
of Weld 

Total 

Cost 

5/16" 

Flat 

27.5 

.285 

.05 

.04 

.021 

.111 

80'-6" 

8.94 

5/16" 

Vert. 

15.5 

.325 

.10 

.05 

.024 

.174 

89'-0" 

15.48 

VzT 

Vert. 

12. 

.40 

.12 

.06 

.031 

.211 

497'—8" 

105.01 

7/16" 

Vert. 

9. 

.58 

.17 

.08 

.042 

.292 

265'—8" 

77.68 

54 * 

Flat 

7.5 

1.45 

.20 

.20 

.10 

.50 

111'—2" 

55.59 


Flat 

6. 

1.9 

.25 

.27 

.13 

.65 

53'—8" 

34.08 

7/ft" 

Flat 

4.8 

2.15 

.31 

.30 

.17 

.78 

7—8" 

5.97 


Total Cost .. 

Operation Factor 100% .. 

Total... 

Profit, Overhead, Etc.: 100% 


302.75 

302.75 

605.50 

605.50 


Total Field Cost .$1211.00 

Total Welding Cost .$4242.24 

10% Contingencies . 424.22 

Grand Total Welding Cost .$4666.46 


Shop and Field Punching, Drilling, and Riveting Costs 

Note: Unit prices shown represent averages quoted by various fabricators, 
and include labor, materials, and all overhead costs. 



Number 

Unit Price 

Total 

Punched Holes 

..70,000 

$0.05 

$3500.00 

Drilled Holes . 

..30,000 

0.25 

7500.00 

Shop Riveting . 

..32,000 

0.20 

6400.00 

Field Riveting .. 

.. 7,400 

0.80 

7400.00 

Total Shop and Field Cost 



$24800.00 


Note: The drilling and shop riveting required for the shear keys alone represent more 
than 505c of this total. 

Additional Furnishing, Fabricating and Erecting Cost, 

Riveting Over Welding 

Assume cutting, shearing and handling costs identical for both methods of 

fabrication. 


Shop and neld welding cost, as per accompanying table .$ 4666.46 

Shop and neld punching, drilling, and riveting costs, as per accompanying 

table .. ; ..... 24800.00 

Additional weight of metal, as per accompanying table . 11840.00 

Net Total Increase In Cost ...$41306.46 


Additional Weight of Metal for All-Riveted Design of Structure “A” 


Location 

Number 

Unit Weight 

Total Wt. 

Girder Splices. 

Shear Keys . 

Pier Diaphragms __ 

.. 54 

.6700 

46 

@320$ (average) 
@9.64$ (net increase) 
@216$ (net increase) 
@230$ (net increase) 

17,300. 

64.500. 
10,000. 

23.500. 

.115,300. 

Intermediate Diaphragms .... 

. 96 

Total Weight ...... 
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Net Increase in Cost Due to Weight of Metal 


Additional Material Cost—115,300 lbs. @ $0.0825 (unit bid price) .$ 9,500.00 

Deduct Cost of Welded Pier—69 units x 47 lbs. each (5) $0,085 (unit bid 


Additional Cost of Cast—69 units x 140 lbs. each @ $0.20 (prevailing local 

unit price) . 2,060.00 

Steel Pier Bearings ..... 


Net total increase in cost due to weight of metal 


$11,840.00 



Fig-. 12. Typical pier bearing assembly prior to erection. 


Supporting Data for Factors of Judgment—1. Proportionate cost saving 
in percentage per complete unit produced by arc welding over that produced 
by the previous method : 

Two types of savings may be demonstrated for the all welded composite 
steel and concrete slab highway bridge over similar or competitive types: 

(1) Difference in cost between all welded and all riveted construction, 
both types making full use of the concrete slab as an integral part of the 
section. 


(2) Differences in cost between all welded composite type of construc¬ 
tion, usual riveted steel type of construction not utilising the slab as an 
integral part of the section, and usual reinforced concrete tee beam and slab 
type of construction. 

Saving (1) : Total cost of Structure “A”, an all welded composite design, 
is: $169,920. Additional cost in materials, fabrication and erection if this 
structure were redesigned as an all riveted composite design is $41,306.46. 
This represents an increase in cost of: 


$41,306.46 

$169,920 


24%, or a saving of approximately 16%. 


Saving (2): Unit square foot cost of Structure “A 1 ’, an all welded con¬ 
tinuous composite steel and concrete design, is $3.54. Unit square foot cost 
of structure an ordinary riveted type of continuous steel beam and con¬ 
crete slab design, not using the concrete deck slab to resist bending stresses, 
but similar in all other respects to structure “A”, is $4.35. Unit square foot 









Fig. 13, Cleft). Structure "A", underside view of expansion joint assembly. Figr. 14, (right). 
Structure "B'\ top side view of expansion joint assembly. 


cost o t a typical reinforced concrete tee beam bridge, of continuous type 
and similar in all respects to structure L Af\ is $3.94, determined from actual 
designs and costs prepared by the writer’s bridge design class in 1940 and 
1941, given :n evening school, and attended by members of various organi¬ 
zations concerned with bridge and building construction. 


Relative costs of structures “A” and “C’’ 


saving of 24 per cent in favor of the all welded composite design. 

Relative costs of structure “A ’ and the reinforced concrete bridge are* 
$3.54 

jVtypT = 20 per cent, or a saving or 10 percent in favor of the all welded 


composite design. 

Relative costs or structure Q and the reinforced concrete bridge are: 
$4.35 

go. — P er cent, or a saving of approximately 10 per cent in favor of 
the reinforced concrete design. 

2 . Estimated total annual gross cost savings accruing from: 

(a) , use or arc welding by the company with which the author is con¬ 
nected in producing all structures of the type treated in the paper; 

(b) , use or arc welding Dy industry in general in producing all structures 
of the type treated in the paper. 

Cost Saving (a) Approximately $2,000,000 was spent by the writer’s 
organisation in the two-year pence, 1940 and 1941, for construction of short- 
span bridges in tne 40- to 80-foot span range. Of this amount, approximately 
tiiree-fourths, or $1,500,000 was spent on reinforced concrete bridges. The 
use ot all welded composite steel and concrete for all of the structures in the 
rein t creed concrete group would have produced a saving of 10 per cent 
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of $ 1 , 500 , 000 , or an annual saving of $75,000. This same type of construc¬ 
tion substituted for the riveted steel design without composite action would 
Jiave saved 24 per cent of $500,000, or an annual saving of $48,000. A 
total annual saving to the writers organisation of $133,000 is therefore 

possible. 

Cost Saving (b) —Written inquiries sent to all of the State Highway 
organizations in the United States, and to selected municipalities that had 
an appreciable amount of bridge construction, revealed the fact that approxi¬ 
mately $30,000,000 was spent during the period 1940 and 1941 on bridges 
of all types in the 40- to 80-foot span range. Construction seemed fairly 
equally divided between reinforced concrete and structural steel bridge types, 
and for purposes of this analysis may be taken as 50 per cent for each type. 



Fig-. 15. Structure "A", underside view at typical pier. 

A more favorable price relationship with concrete construction for 
structural steel exists throughout the country at large than does in the state 
where the writer's organization is situated, which accounts for the 3 to 1 
ratio in favor of reinforced concrete in the writer's locality. 

Total annual savings possible, therefore, by the adoption of the all 
welded composite steel beam and concrete slab bridge in the short span 
range of 40 to 80 feet would amount to 24 per cent of $15,000,000 plus 10 
per cent of $15,000,000 or a total of $2,200,000. 

3. Increased service life, efficiency and social advantages accruing from 
the use of arc welding in producing all structures of the type treated in 
the paper. 

Detailed descriptions appear in other portions of this paper to show the 
increased structural rigidity and better riding qualities of the bridge deck 
achieved through the use of all welded composite steel beam and concrete 
construction. These advantages are not definable in terms of cost, yet con¬ 
tribute measurably to a more satisfactory bridge structure from the highway 
users’ standpoint. Further, the service life of an all-welded bridge with 
composite slab construction is definitely greater than other structural steel 
types, due to the increased structural rigidity. Unfortunately, the two 
structures described herein have not been in operation for a long enough 
time to determine their maintenance cost. The writer feels, however, that 
they will fully justify his expectations for long and continued service. 



Chapter TV—Welded Grade Separation Structure 

By John F. Willis, 

Engineer of Bridge Design, Connecticut State Highway Department , 
Hartford, Connecticut 



Subject Matter: A girder-type highway bridge, 335 feet long 
overall and featuring longitudinal and transverse cantilevers, with 
a steel super structure that consists entirely of plates and fiats 
assembled by welding. Stirrups unite the floor slab to the girders 
to secure the benefit of composite action. 


John F. Willis 


Handling the tremendous volume of traffic on our highways today 
promises to present one of the most difficult and most interesting problems 
which has so far confronted the highway and bridge engineers. 

One very satisfactory solution, even if only partial, is the dual or four 
lane divided highway which is rapidly gaining popularity in almost unbe¬ 
lievable proportions throughout the United States. 

But, in order to maintain a free and uninterrupted flow of traffic at all 
times it is of vital importance that all intersections, highway or railroad 
be separated. 

Structures to perforin this function range from relatively simple square 
bridges to elaborate long spans designed to carry one dual highway over 
another of the same type or a dual highway over an irregular diagonal 
intersection of two streets, each of which has a fairly heavy volume of 
traffic with which to contend at times. 

Such as the latter are the prevailing conditions which necessitate the 
type of design described in this paper. 

This structure will be one of nine, differing widely in design and type, 

which carry- the - By Pass, a dual parkway connecting U. S. Route 

No. — with the new - River Bridge between - and - 

-and is the principal west approach thereto. 

A site plan of the location is shown on Fig. 1, a study of which should 
reveal the reason for the length of span and some of the other features 
mentioned later. 

From this plan it should be evident that Franklin Avenue, one of the 
main arteries leading southerly, carries the preponderance of traffic on the 
lower level at this intersection. Jordan Lane, east^west road, while decidedly 
secondary to Franklin Avenue, bears a considerable traffic load during 
certain periods. 

Because of the irregularity of the intersection and the traffic conditions 
above referred to, it was decided that a single span, or at least a series of 
spans without an intermediate support would give the only really satis' 
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factory solution, when, as always, safety is to be the item of primary 
consideration. 

It will be noted that the total width overall is 83''10" and because of 
this unusual width it was necessary to set the abutments back sufficiently 
far to clear all street lines. Narrower piers between the abutments shorten 
the clear span as shown on Fig. 2. 

The suspended span and the two longitudinal cantilever spans give 
a total clear span of about 165 feet or 170 feet center to center of piers. As 
shown on Fig. 2, the structure then consists of two anchor spans of 80 feet 
each, two longitudinal cantilever arms or spans of 25 feet each and one 
suspended span of 120 feet, making a total of 330 feet center to center 
of end bearings or an overall length of 335 feet. 

The two double cantilever arms, which, transversely to the direction 
of traffic, carry the overhanging remainder of the roadway beyond the 
piers. Owing to the extremely high bending moment in these members, 
they are double or of the ‘'box'" type. 

The writer does not claim that the transverse steel cantilever construc¬ 
tion would, in general construction, be the most economical, but the highway 
limits of the intersecting roads on the lower level precluded the use of 
piers of a greater width, consequently the only solution was the transverse 
cantilever. Had it been possible to use piers of a width equal to that 
of the abutments, the cost of the structure would have been greatly 
reduced and the erection likewise simplified, as was discovered in the 
preliminary investigation. 

Design—There being no intricate mathematical “gymnastics'" and the 
structure being statically determinate, the design is, for the most part, quite 
simple when compared to arches, frames and continuous girders of varying 
section. 

Note—The preliminary figures from which the final span lengths of the 
suspended, longitudinal cantilever, anchor spans and the transverse girder 
spacing were derived, (many combinations were investigated) are not given 
here, nor are the calculations for the design of the concrete deck, nor the 
substructure as they are of no consequence in a paper on welded steel. The 
trial calculations for the steel design will not be given either, as they would 
be of little interest although reference to them may be frequently made. 

From the accompanying sketches it will be noted that, excepting the 
sway gracing which is composed of angles, the entire steel superstructure 
consists or plates and flats and is assembled solely by arc welding. 

As stated in the foregoing the arrangement w r as determined by the street 
layout and ground conditions. 

The 120'foct suspended span wall be first considered as the design 
of the remainder of the structure is dependent on the reactions from this 
section. However, as this span is entirely different in design from the ortho¬ 
dox type a brief description will be given. 

In carrying out the idea of an all welded structure, the principle is 
extended somewhat beyond the scope of merely assembling the plates into 
girders. By this, reference is made to the fact that stirrups are welded 
to the top flanges of all the girders in this span excepting the one at the 
center which supports the center division. 

These stirrups are designed to effectively unite the floor slab with the 
girder by developing the horizontal shear between these two elements, thus 
converting the simple steel girder into a 4 composite 11 section, similar in its 
action to the concrete “T” beam. The slab performs the dual function of 
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acting as a compression flange and also directly carrying the superimposed 
load and transmitting it to the other structural members. 

The design of this type is almost identical with the “T” beam so the 
same design procedure will be followed and the same nomenclature used 
as may be found in almost any one of the numerous textbooks on reinforced 

concrete. 

All steel properties are converted into their equivalent concrete values 
by the ratio of their moduli of elasticity, or, "n” = 10 . 

Diagram, tables of section makeup, nomenclature, formulas and other 
details are given in Fig. 3. 

For the purpose of determining the moments and shears, the dead and 
live loads are now investigated. 


Dead Loads— Pounds 

per 

Lin. Ft. 

Slab (7" X 5 ' 0 ") = 5 X 88 ........ 440 

Haunch 1.84 + 2.33 X .33 X 150.... 104 

Future Wearing Surface 25 lbs. per sq. ft. — 5 X 25_ 125 

Top Flange 18" X 5/g" about..... 39 

60 

Bottom Flange 18" X IP 4 " X a bout... 39 

60 

Bottom Flange 18" X M* X t— about... 23 


32 Stiffeners 8 " X H" X 5'-4 " = . 25 

20 Stiffeners 8 " X K" X 5'-4" = . IS 


' "" + 4'-8" + 6'-10" = 16-2". 

16.17 X 10.4 X 8 (braces). 12 

Web Plate 64" X T4s ... 96 

Weld Metal and Miscellaneous....... 29 


Total...___________-. 950 

Max. Dead Load Moment— 

950 X 120 X 120 ~___ 20 , 520,000 inch'pounds 

O 

From the viewpoint of pure theory this method of calculating the dead 
load moment is not strictly correct, the varying thicknesses of the lower 
flange plates do not give an even distribution of their weights, the weights 
of the stiffeners and sway braces are not distributed but are concentrated, 
however, the difference in the final total moment is so small, compared to 
the total of the sections which are of constant uniform section and weight, 
that it is neglected here. 

The live load used is what is commonly known as the “HL 20 ”, equivalent 
to one twenty ton truck preceded and followed by as many fifteen ton trucks 
as may be possible to place in each traffic lane. In the simplified form this 
is converted into a uniform load of 640 pounds per lineal foot of each ten 
foot lane and a single concentration of 18,000 pounds per lane, placed at 
the critical point. For shear the 640 pound distributed load is also used 
but the concentration is increased to 26,000 pounds. 



















Fig. 2, (above) Half elevation. Fig. 6# (below) Half elevation transverse cantilever. 
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In this design the girders are on flve-foot centers, therefore one half of 
the above loads, are used. 

The dynamic increment by which the live-load stresses are increased to 
provide for the shock or the effect of the sudden application of moving 
loads is based on the loaded length of structure, or in this case the span 
under consideration. For moment the maximum live load stresses are pro¬ 
duced from fully loading the span while for shear the greatest stresses depend 
on the position of the loads. 

The American Association of State Highway Officials formula for impact 
is used for this design and is: 

I = jjrjrjjy w5iere 1 is the percentage of live load to be added and L is 

the loaded length used to produce this effect. 

The bending moments, tabulated below, are given at ten foot intervals 
from a point ten feet from the bearing pin to the center. This was done for 
the purpose of investigating the possibility of a reduction of the flange 
areas. While the upper flange was maintained at a constant section for 
its entire length, the lower is spliced at the quarter points, thereby affording 
a substantial saving of steel, (30,335 pounds in the 16 girders). 

The table of vertical shears is given (at shorter intervals, 4 feet) for 
conversion into horizontal shears which will be used to determine the 
stirrup spacing. 

The moment of inertia has been calculated for the steel section and 
the composite at two points, the center and at the point where the section 
changes. 

Dead Load Moments 


Point 10-M = (57,000 X 
Point 20-M = (57,000 X 
Point 30-M = (57,000 X 
Point 40-M = (57,000 X 
Point 50-M = (57,000 X 
Point 60-M = (57,000 X 


10) - (950 X 10 X 5) 
20) - (950 X 20 X 10) 
30) - (950 X 30 X 15) 
40) — (950 X 40 X 20) 
50) - (950 X 50 X 25) 
60) - (950 X 60 X 30) 


Foot-Pounds 


522,500 

950,000 

1,282,300 

1,520,000 

1,662,500 

1,710,000 


Inch-Pounds 


6,270,000 

11,400,000 

15,390,000 

18,240,000 

19,950.000 

20,520,000 


320 

The uniform live load moments are —— of the dead load moments or 33.68 

950 

per cent and are tabulated below. 


The live-load concentrated moments are calculated from the 
described previously and are: 


18,000 

2 


load 



Foot-Pounds 

J Inch-Pounds 

Point 10-M ^0 - 10 X 9,000 X 10 

82,500 

990,000 

Point 20-M - 120 " 9 ' 00 ° X 20 

150,000 

1,800,000 

Point w-vr = 120 - 30 X 9,000 X 30 

120 

202,500 

2,430,000 

Point 40-M = 120 — 40 X 9,000 X 40 
n 120 

240,000 

2,880,000 

Point 50-M = 120 — 50 X 9,000 X 50 

262,500 

3,150,000 

Point 60-M = 120 — 60 X 9,000 X 60 

270,000 

3,240,000 
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Below are tabulated the bending moments as derived from the above 
calculations, rounded out to the nearest 1 (Finch pounds. 


Point 

D. L. Mem. 

L. L. 

Unif. Mom. 

L. L. 

Cone. Mom. 

Impact, 

21% 

Total 
Mom.'s 

10 

6,270,000 

2.111,736 

990,000 

651,365 

10,023,100 

20 

11,400,000 

3,839,520 

1,800,000 

1,184,300 

18,223,820 

30 

15,390,000 

5,183,352 

2,430,000 

1,598,804 

24,602,150 

40 

18,240,000 

6,143,232 

2,880,000 

1,894,879 

29,158,110 

50 

19,950,000 

6.719,160 

3,150,000 

2,072,524 

31,891,680 

60 

20,520.000 

6,912,000 

3,240,000 

2,131,920 

32,803,920 
= 32,804,000 


The following data relate to the diagram of Fig. 3. 


Symbol 

Description 

0-30 

30-60 

u. 

Width of ccnc. ccrr.Tession flange..-. 

60* 

60* 


Width cf block cr haunch._. 

26* (mean) 

7" 

26* 

r 


7" 




76.875'' 

49.58* 

11.0* 

76.875" 

43.63" 

11.0* 

10.0 

52.75" 

35,067.77 

26.60* 

‘j 

Effective depth. C G steel to tep cone. 

c' ■ 

Height, ton nf steel tn ton of cone. _ 

1 

Ratio of moduli: of elasticity. 

Area cf steel girder, sc. ins. 


10.0 

61.75" 

43,028.89 

Is i 

Moment cf ir.ertia of steel gircer.. 


kd 

Distance cf neutral axis from ton ccnc. . 


30.93" 

1,081,556 

r 

Moment cf I^e’-tia of composite Sect.. „ 


820,352 





In the following tables the dead, live load uniform, live load concentrated 
and impact shears are recorded. From the total vertical shears thus derived 
the horizontal shears are found and the spacing of stirrups to resist these 
shears is determined. 


Vertical Shears 


Pcir.t 

| D. L. V. 

! .... ... 

; i_. L. 

: Ur.. 

L. L. 
C’n 

Leng. 

L’d 

%i 

Impact 

Total 

o 

57.000 

j 19,200 

j 13,000 

120' ! 

21.0 

6,760 

95,960 

4 

53,200 

j 17,940 

| 12,570 

116' 

21.0 

6,410 

90,120 

8 

49,400' 

i 16,730 

j 12,130 

112' 

21.0 

6,060 

84,320 

12 

: 45,600 

15,550 

! 11,700 

108' 

21.5 

5,860 

78,710 

16 

41,500 

14,420 

j 11,270 

104' 

22.0 

5.650 

73,140 

20 

33,000 

13,330 

1 10,830 

100' 

22.0 

5.320 

67,480 

24 

34,200 ! 

12,290 

10,400 

96' 

22.5 

5,110 

62,000 

28 

30,400 

11,290 ! 

9,970 

92' 

23.0 

4,890 

56,550 

32 

26,600 

10,330 

9,530 

88' 

23.5 

4,670 

51,130 

36 

; 22,800 

9,410 

9,100 

84' 

24.0 

4,440 

45,750 

40 

19,000 

8,530 

8,670 

80' 

24.5 

4,210 

40,410 

44 

15,200 

7,700 

8,230 

76' 

25-0 

3,980 

35,110 

48 

11,400 

6,910 

7,800 

72' 

25-5 

3,759 

29,860 

52 

7,600 

6,170 

7,370 

68' 

26.0 

3,520 

24,660 

56 

3,800 

5,460 

6,930 

64' 

26.5 

3,280 

19,470 

60 j. 


4,800 

6,500 

60' 

27.0 

3,050 

14,350 














SECTION V— STRUCTURAL 


383 , 


I In the foregoing as in subsequent tabulations “point” refers to tbe distance 
from the zero point or the end pin. The term “Length” in all tables indicates 
j t he length loaded to produce the stress in question. 

The numerical values are substituted and the solutions given for the formulas 
for “kcT and ‘T\ as shown on Fig. 3. 


2 X 10 X 61.73 X 49.58 + 60 X 49 
' 2 X 10 X 61.75 +2 X 60 X7 


60 X 29,589.5 — (34 X 13,703) 

I—Cone. Slab = 


436,489 


I—Converted Steel Sect. = 10 X 43,028.89 = 430,289 

I—Converted As about neut. axis — 10 X 61.75 X 346.82 214,778 

Total “I” composite Sect. 1,081,556 

This is for the section between points 30 and 60. By the same procedure 
we find that for the section between points 0 and 30,— 

kd= 26.6" 

I= 820,352. 

The horizontal shears are now calculated and the stirrup spacing 
determined. 



Vert. Shear 

Hor. Shear 

Theo. Spac. 


Point 

= H 

= Vs/H 

Theoretical spacing as indicated 
here is based on the use of X in. 
square bars. 

0 

95,960 

1,770 

4.50" 

4 

90,120 

1,660 

4.80" 


8 

84,320 

1,560 

5.12" 

Because of difficulty in obtaining 

12 

78,710 

1,450 

5-51" 

some sizes, the size bar to be actU' 

16 

73,140 

1,350 

5.92" 

ally used is not known at this 

20 

67,480 

1,250 

6.40" 

writing. 

24 

62,000 

1,150 

6.95" 


28 

56,500 

1,050 

7.60" 


32 

51,130 

900 

8.88" 


36 

45,750 

800 

10.00" 


40 

40,410 

710 

11.20" 


44 

35,110 

620 

12.90" 


48 

29,860 

530 

15-00" 


52 

24,660 

430 

18.60" 


56 

19,470 

340 

23.50" 


60 

14,350 

250 

32.00" 

i 


In the above tables the horizontal shear — 


Vert. Shear X 

I 


Q 


, where 


is the statical moment of the compression slab about the Neutral axis. 

For points 0 to 30 30 to 60 

Q = 15,158 = 18,964 

Q/I = 0.01847 = 0.01753 

“Vs” in the above table is the value of a one^half inch square stirrup bar 
at 16,000 pounds per square inch. The bar is looped around so as to dis" 
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tribute the stress in the concrete and contact the top flange of the girder 
at two points, giving it double the value of a stirrup which is welded to the 
flange only once. This value is its tensile working strength or 2 x 4000 = 

8,000 pounds. 

The reason for using 16,000 pounds unit stress for this element when 
18,000 pounds is used in all remaining steel bars or plates is to compensate 
for possible damage from welding a light bar. 

The "Theoretical Spacing" in the table is what may be used for the 
average spacing of stirrups in any section between calculation points. (Please 
see note in Appendix with reference to this) 

An inspection of the two formulas developed in the proceeding reveals 
that; for the moment cf inertia of the composite section, the three terms 
embodied therein conform to the accepted criterion; that the location of the 
neutral axis is found precisely in the same manner as in the concrete “T 1 
beam. 

The site of sitrrups and their spacing now having been determined, the 
final stec for this chase of the design is that of calculating the welding 
required^ to develop the full strength of the bars to be used. 

While the tension in the stirrups is assumed at 16,000 pounds per square 
inch, the welds will be designed to develop the full 18,000 pounds stress. 
(This favors safe tv rather than economy) 

v _ , r 18,000 

I: sne onemaii men oar is good ior a tensile stress of = 4,500 

ends, the weld required, using ]/*'inch fillets at 1,600 per linear inch, 
'inch or if fi£,y:nch fillets at 2,000 pounds are used, 2.25 inches will be 

aired fer each end. of which two inches will be made along the sides and 
mere than cr.e quarter inch at the ends. 

The stresses in the girder or the composite member in its entirety will 


From the moment tables we find that the maximum bending moment is 
32.SC-.fi 30 inchmcimds. The section modulus of the concrete or compression 
Ace is, from in Fig. 3, 


iris:.: 


= 34,967 


r Mom. _ 

tc — —-- = 93b pounds per square inch 


Sc 


tee- or tension race is ■ 
Mom. 


1,081,556 


= 2354 


■ -^0 re' 

tension fianoe. 


10 X 45.945 

— - ^ — 13,935 pounds per square inch 

tr to Aooendix with reference to the understress of the steel 


By me same procedure we find that the concrete stress at about point 30, 
the reduced section, is about SCO pounds per square inch and the steel stress is 
siDOUi. xo,c‘C'c pCi isviUdie inch. 

The next step is to design the weld necessary to properly unite the web 
and flange plates. I he following formula is used to determine the value "Q'” 
which appears : 

Q'=QrnXA' X j = 15,964 -f (10 X 11.25 X 19.62) = 21,174 


H 


Vert. Shear XQ'_ 95,960 X 21,174 
I 1,081,556 


1888 pounds per lineal inch 
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From the above it is readily seen that two % 6 -inch fillets are more than 
adequate to resist this stress. 

There is but one more operation to complete the design of the suspended 
span girders, the design of the end pins and bearings. 

The maximum end reaction is 95,960 pounds. Using a shear value of 
n Ooo pounds per square inch for carbon steel, the required area of the 
V . g g >72 square inches which would be safely carried by 3 Vi -inch pin. 
For bearing on pins subject to rotation the allowable value or working stress 
i's 12 000 pounds per square inch which necessitates about four square inches 
for each link or eight square inches for the bearing area of the web. The 
bearing area of the latter consists of one Pi.% 6 'inch web, and two pin 
pulleys each Yi'inc h thick, the bearing area of which is l% 6 -inch x ^^inch 

7 0 3 square inches. Inasmuch as this is not a complete case of rotation, 
but somewhere between that and a stationary pin, the area of both pin and 
bearing are sufficient. 

As previously stated, there are two one-half inch pin plates, a seven- 
sixteenths web plate and in addition there are two one-quarter inch spacers 
snd two suspension links, each one inch thick. The distance cen. to cen. links 
t r - . .... 95,960x 2.9375 

: s 2.9375 inches, therefore the bending moment m the pm is - - - 

_ about 70,500 inch pounds. At 27,000 pounds extreme fibre stress, a 

CSirc/e.rS S-O Cr C. 



Kd 


Section M oclu its s, Sfee/- S s - X_ 



r M 


Fig. 3. Section makeup. 
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3 i/ 2 'inch diameter pin has a resisting moment of 113,600 inch pounds. It is 
quite evident that bearing governs. As the pin is in double shear, one-half 
the shear values given above should be used. 

Each pin plate takes approximately one-third of the total shear, or about 
32,000 pounds. Using a hole diameter of 1 %6'inch and a working stress 
of 13,600 pounds per square inch, each plug weld for attaching these plates 
is good for about 7,000 pounds, therefore five such plugs are required 
per plate. 

The stiffeners are arbitrarily placed, are welded to the web and top 
flange and milled to bear on the tension flange. 

The center girder is designed to carry the same loads as the girders 
under the traffic lanes with the exception of a future wearing surface of 
2^ pounds per square foot. 

Because of the necessity of having an expansion in this superstructure, 
in a lateral direction and also owing to the increased height of this girder, it 
was not considered economical to use the composite construction. 

While the 11-foot—2-inch center mall is intended to act as a traffic separa¬ 
tion, because of the low curb it is possible that one or more heavy vehicles 
could travel over it, accidentally or in some possible military or other emer¬ 
gency. Based on this assumption, the same live and impact loads as used on 
the main traffic lanes will be used here. 

Dead Load—Slab and haunch. 700 pounds per lineal foot 

Girder . 290 pounds per lineal foot 

790 pounds per lineal foot 


Inch Pounds 

Dead Load Mom. = 790 X 170 X 120 X IT. = 17,064,000 

Live Load Ur, Mom. 6,912,000 

Live Load Con. Mom.-. 3,240,000 

Impact .-. 2,131,920 

Total. 29,347,920 

Without demonstrating further, the Moment of Inertia of the steel section 
is 61,569 and the Section Modulus is 1,664.02. 

Dividing the moment by the latter we have, fs = 17,636 pounds per 


square inch which is slightly below the allowable for tension in the flange. 
The compression flange is thoroughly imbedded in the slab so the same 
stress is also permitted. 

As in the case of the other girders, a -inch fillet weld is more than 
sufficient to transmit the horizontal sheer between the web and flange. 

One more item concerning the suspended span which should be con¬ 
sidered is the deflections in both the roadway and center spans. 

Center Girder Inches 


“E" = 29,000,000_______ 

U I M = 61,570... 

D d L’d D = 5 X 94,800 X 1,728,000 X 1,728 
^ 384 X 2y,000,000 X 61,570 

LX.U. D = — D.L. 

790 . 

LLC D - 9 ’ 000 X 1 C2.8,000 X 1,728 
' ' ' 48 X 29,000,000 X 61,570 . 


2.065 

.835 

.313 


Total. 


3.213 

















SECTION V—STRUCTURAL 


387 


Roadway Girders 

E” = 2,000,000 (Concrete)... 

•I” = 1,081,556 (Composite)... 


Dead L’d D = 
L.L.U. D = 
L.L.C. D = 


5 X 114,000 X 1,728,000 X 1,728 
384 X 2,000,000 X 1,081,556 

W D.L_ 

950 . 

9,000 X 1,728,000 X 1,728 
48 X 2,000,000 X 1,081,556 .. 


2.05 

.69 

.20 


Total.. 2.94 

The center or suspended span is supported by longitudinal cantilever arms 
25 feet in length, the design of which will next be considered. The calcula¬ 
tions for the roadway cantilevers will be given only, the center girder is 
handled the same way and differs only in section makeup. 

Dead Loads are as follows: 


i Top pi. 16" X lKs" X 9'-3"... 23#/ft. 

Top pi. 18" X ^/le" X 2,6'—6". 42#/ft. 

Web pi. 66" X ft 6 " X 23'—6". 99#/ft. 

Bott.fl.pl 18" X lK" X 12'-0". 54#/ft. 

Bott.fl pi. 18" X 11 /i6 // X 10'—6". 21#/ft. 

12 Stiffs. 8" X 3 A" X 5'-6". 12#/ft. 

Sway Brae. 10# 'ft. 


Sub-total for steel. 261#/ft. 

Cone. Slab (7" X 5-0").-. 440#/ft. 

Haunch . 25#/ft. 

Future 2 " wearing surface (5 X 25). 125#/ft. 

Misc. details . 49#/ft. 


Total D. L./ft. cantilever....900 pounds 

D.L. Mom. from above, 900 X 25 X 12.5 X 12 = 3,375,000 inch pounds 

Note:—As in the suspended span, all steel members regardless of length 
are distributed over the entire length of the girder, except, however, as 
follows: at the extreme end of the cantilever there is a concentration con¬ 
sisting of pin plates, pins, nuts and separators, all of which weigh approxi¬ 
mately 300 pounds, the D.L. Mom. from these is 300 X 25 X 12 = 90,000 


Inch Pounds 

Total D.L. Mom.-. 3,465,000 

L.L. Mom.-Unif. 320 X 25 X 12.5 X 12 ......... 1,200,000 

Impact. Unif. 3 3 per cent. 400,000 

Mom. from sus. span incl. concentration, 96,000 X 25 X 12 — 28,800,000 


Total cantilever Mom.= 33,865,000 


5 L 2 

Allowable stress(COmp)in bottom flange = 18,000 — 

L = distance between sway bracing and B is width of flange. 

180^ X 180" 

* = 18.000 — 5 X 10 „ . . 1Q// = 17,500 pounds per square inch 

lo X. lo 
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Stress — - = 16,004 pounds per square inch. Average over whole 

67 X 31.5 

section. 

If the upper plate is assumed to carry the full 18,000 pounds per square inch 
in the top chord, the resisting moment of that plate is, 18 X 18,000 X 67.5 = 
21,870,000 inch-pounds. 

The remainder of the moment is then carried by the butt weld then, is: 

33,865,000 — 21,8/0,000 = 14 5S0 poun d s per square inch. 

66.5 X 12.37 

If the stress is distributed over the entire tension section it is: 

~ 16,640 pounds per square inch. 

30.37 X 67 

While the stress carried through the butt weld is about 8 per cent in 
excess of the usual allowable stress of 13,500 pounds per square inch for 
fluctuating loads, it should be noted that for several reasons the stresses 
have been calculated somewhat higher than is the actual case. 

First ,—the lever arm of all moments is taken at 25 ft. or from the 
center of the pier, whereas it is perfectly permissible to use the clear distance 
of 2 3 'fleet-6-inches. This would mean a reduction of about 6 per cent in 
the moments. 

Second.—All dead and live loads are figured somewhat greater than 
what the actual case will be. 

Third,—The flange stresses are calculated without consideration of any 
moment stress being carried by the web, which is not exactly the case. It is 
therefore quite reasonable to assume that the actual stresses developed on 
the tension flange will be on the conservative side. 

The shears are now computed for determining the sites of welds neces- 
sary to unite the flanges and webs, and webs to transverse webs. 

Pounds 

Dead load of cantilever arm: 900 X 25. 22,500 

Live lead on cantilever arm unif. 320 X 25. 8,000 

Impact on cantilever arm unif. 33^3%. 2,640 

D.L., L.L., Cone, cr Imp. from sus. span—. 96,000 




span- 


verse c; 
129.140 


veb at this point.. 


Total Vert. Shear. 129,140 

Net area of web at this point.64" X 7 Ae" = 28 square inches 

129.140 

—~ — = 4,612 pounds per square inch, unit shear in web. 

Shear in weld connecting longitudinal web plate with web plate of trans- 
verse cantilever: at 2,000 pounds per linear inch for % 6 -inch fillet = 

129.140 

- n . — 54.57 lineal inches required and as both sides of web are welded 

4,UUU 

the total length is 128", or the stress per inch is 1,008 pounds. In addition 
to the weld, each longitudinal cantilever rests on a saddle, consisting of a 
split 'T'’ beam. This takes most of the reaction and facilitates the erection. 

We next consider the welds connecting the webs to top and bottom 
flanges. 

Moment of inertia of section, I = 66,325 
Star. Mom. of bottom flange, Q= 608.58 

t_t 129,140 X 608.58 t . . . 

rior. Shear = - —.. .*=1,184 pounds per lineal inch 


Her. Shear 


= 1,184 pounds per lineal inch 
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Without demonstrating further, the horizontal shear in the top flange is 
not much different, but owing to the thickness of the flange metal, flinch 
fillets are used for the first twelve feet from the transverse cantilever where 
the section changes, from which point to the ends % 6'inch fillets are used. 

At the point above referred to, the section consists of the web plate 
66'inches x % 6 -inch as before and top and bottom flanges 18-inches x 
it£g'inch. 

' As the new cantilever arm is now one half the former in length, the 
moments are one half the magnitude of those at the maximum point. 

The bending moment at the half way point, as previously stated, is 
33,865,000 inch pounds X Zl — 16,932,500 inch pounds. 

Moment if inertia at this point is 40,000" 4 and the section modulus is 
U27.9" 3 giving a maximum flange stress of 15,012 pounds per square inch. 

The reason for this understress as well as other inconsistencies is 
explained in the Appendix. 

The minimum flange weld is used from the point under consideration 
to the end, is % 6 -inch fillet. 

It should be noted that excepting the fillets for attaching stiffeners to web 
plates, regardless of stress few are smaller than % 6 ‘" leg. 

Anchor Spans. 

Balancing the longitudinal cantilever arms are the anchor spans, SO'-O" 
in length from the center of end bearings to the center of the transverse 
cantilevers. 

As in the case of all the other units of the structure the design will be 
carried through in deta.il. 


Dead Load: Pounds 

per Foot 

Roadway Slab, as before........ 440 

Future Wearing Surface..... 125 

Haunch, for support of top flange only .... 25 


Sub-total..... 590 

Top and bottom flange pis. 18" X — 2.. 77 

WebpL..52" X Xs".-. 67 


18 stiffeners 8" 


14 


26 stiffeners 8" X 

5 cross braces 

Total weight 
Use. 


X X 

16.17 X 10.4 X 5 
120 

lin. ft.. 


per 


16 


.— 771 
- 770 


It will be observed that the bending moment over the pier from the 
longitudinal cantilever and suspended span fully loaded is 2,822,080 feet 
pounds. In order to balance this, the dead load on the anchor spans must be 
of sufficient magnitude to produce a moment equal to or greater than that 
given. Assuming that the dead load is, as shown, 770 lbs. per foot, the span 
necessary to produce this moment or balance is: 
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X — 2,822,080 foot-pounds 

WL 2 = 5,644,150 inches 

770 L 2 = 5,644,150 inches 

L = 85*6 feet 

For reasons given in the introduction and others equally sound, the span 
has been made SO'-O" and the balancing moment is, therefore, 770 X 81* X 40.5 
= 2,525,985 foot-pounds. This leaves a moment of 296,095'3 to be accounted 
for otherwise, in this case a concrete counterweight. The weight of the latter 


must k e _ 3JQ1 pounds. At 150 pounds per cubic foot this will re* 

SO 

quire about 25 cubic feet. 

The girders are 5 feet-0 inches c.-c. and the end stiffeners are on 2 foot 
centers, and a convenient depth for the counterweight is 3 feet 0 inches. 
Within the boundaries thus formed the counterweight is placed, has a 
volume of 30 cubic feet and weighs about 4,500 pounds. 

As the economy and judgment of using a counterweight has been 
questioned, the writer offers the following analysis in support of his design. 
Quantities and Cost of Five Feet of Extra Span, Each End. 


20 L F. Bridge Railing ...$12.00 $ 240.00 

6.560 Lbs. Def. Steel Bars.04 262.40 

IS Cti. Yds. Concrete. 14.00 252.00 

3 “,981 Lbs. Struct. Steel.075 2,698.57 

2 - Bbls. Port. Cement.-...- 2.40 64.80 


Total Cost of Extra 5 ft. Each End .$3,517.77 

*Span is Sl'-O" Center of pier to end. 

Cost of concrete counterweights as described. 

36 Cu. Yd. Concrete .-.-.$14.00 $504.00 

^2 Bbls. Port. Cement .-. 2.40 124.80 

2.370 Lbs. Def. Steel Bars.04 94.oO 


Total cost of counterweights (32)...—.. $723.60 

Difference in favor of the latter...$2,794.17 


The anchor spans are designed to provide for two different conditions 
of loading; first, the specifications require that after the structural steel 
has been erected, the concrete deck on each anchor span shall be poured 
first. It is possible that after this has been done much of the equipment used 
in the erection of the remainder of the bridge will be installed on this span. 
It was therefore deemed advisable to design it as a simple span, carrying 
the full dead and live loads, a slight reduction is made, however, because of 
the fact that the weight of the steel of the longitudinal cantilever arms will 
cause a relatively small negative moment. 
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The design according to this hypothesis follows: 


D.L on span . 

» ” of steel of cantilever 

Shear at pier ..-. 


.770 X 40. 


Pounds per foot 

. 770 

. 261 

.30,800 


Max. Pos. Mom. 

— (261 X 25 X 12.5) + 30,800 X 40 — (770 X 40 X 20) 

Inches per pound 


= — 534,438 pounds per foot or... 6,413,256 

LL. Unif. Mom. 320 X SOX 80 X 1.5 ----- 3,072,000 

T L Concentrated 9,000 X SO X 3. 2,160,000 


1,271,376 


Total Pos. Mom...12,916,632 

Moment of Inertia of sect. .19,971 Inches 4 

Section Modulus ” 11 ... 750 Inches 3 

f s = 17,222 pounds per square inch. 

From the above it is evident that the section is adequate for conditions 
governing the first case. 

Case II: Longitudinal cantilevers and suspended spans fully loaded, dead 
and live, dead load only on anchor span. This is a condition which can and 
may occur after the bridge is open to traffic. 

Under full dead load on the anchor and longitudinal cantilever spans, the 
point of contraflexure is located about 8 feet (7.2 feet exact) from center 
of the pier, toward the abutment. 

For the purpose of calculating the dead load moments from the parabolic 
curve, the remaining 72 feet are divided into 10 equal parts of 7.2 feet 
each. At the same points the negative moments from the conditions 
described previously are calculated. (The dead load moments are positive.) 
The algebraic sums of the two are tabulated, which now becomes the net 
negative moments on which to base this part of the design. In the tables 
given below, the moments and all other data necessary for the design are 
recorded. 

The additional section necessary for the excess of negative over positive 
moments is provided by the extension of the heavy cover plates at and 
adjacent the transverse cantilever. At the point where the outer cover plate 
can be reduced but additional flange area is necessary a smaller plate is 
added, (16" X Vx") by butt welding to the heavier plate and then to the 
flange plate. To augment the section at the butt joint which is calculated 
at 13,500 pounds per square inch, two plates, 6 inches x ^4-inch are welded 
under the upper joint and over the lower joint. 

It is only necessary to carry the extra cover plates to a point near the 
center of the span, from there to the abutment and the section is of sufficient 
area for the moments involved. 

From the point of contraflexure to the pier end of the girder, the web 
thickness is increased from 54-inch to %6 "inch, not because of the shear but 

to comply with the —-—ratio maximum of 170. 
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Fig. 4. Details of anchor span and longitudinal cantilever span. 
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Moments in Anchor Span 


Point 

Neg. Mom. 

Pos. Mom. 

Net Mom. 

"s” Req T d 

72 

3,047,840 

2,169,555 

878,285 

48.8 

14.4 

6,095,680 

3,856,988 

2,238,692 

124.3 

21.6 

9,143,520 

5,062,296 

4,081,224 

226.7 

28.8 

12,191,360 

5,785,482 

6,405,878 

355-8 

36-0 

15,239,200 

6,026,544 

9,212,656 

511.8 

43-2 

18,287,040 

5,785,482 

12,501,558 

694.5 

50.4 

21,334,880 

5,062,296 

16,272,584 

904.03 

57.6 

24,382,720 

3,856,988 

20,525,732 

1,140.3 

64.8 

27,430,560 

2,169,555 

25,261,000 

1,403-3 

72.0 

30,478,400 


30,478,400 

1,693-2 


From the above table it is evident that the section modulus of the anchor 
span, 891.7 cubic inches, is adequate without additional cover plates from 
the abutment to a point near the center. From this point to the pier addi- 
tional cover plates are added as previously described. 

While a % 6 -inch fillet weld is ample to transmit the horizontal shear 
from the web to the flange, the size is increased to ^-inch because of the 
fact that a reversal of stress will occur under various loading conditions. 

Details of this portion of the structure are shown in Fig. 5. 

Transverse Cantilevers 

In the design of these members, the procedure of calculating loads is 
somewhat the reverse of that used in the preceding text. 

In designing the suspended span, longitudinal cantilevers and the anchor 
spans, the weights or dead loads were distributed in order to consider them 
as uniform per foot loads. 

Because of the high concentrations from the anchor, longitudinal canti- 
levers and suspended spans, the five foot intervals of the transverse girders 
are also considered as concentrated. This simplified the moment calcula¬ 
tions and whatever error is present is on the safe side. 

The moments and shears will be calculated at each concentration point 
and between where necessary, but after this has been done the subsequent 
tabulations will be based on one-half of the values thus obtained. This is to 
simplify calculations for section modulus etc. Each half of the box girder is 
therefore considered as taking its proportionate part of the load. 

The maximum stresses outside the limits of the piers will occur with this 
section fully loaded. In the center section a positive moment of considerable 
magnitude may be obtained by applying the live load only to that area. This 
is a possible but highly improbable condition of loading because of the 
center dividing strip seldom being occupied. 

The actual concentrations as derived from the anchor, suspended and 
longitudinal cantilever spans will be considered first. 

Anchor Spans,— 

Pounds per foot 


Dead Load . 800 

Live ” 320 

Impact . 60 


Total 


1,180 use 1,200 
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kl 

R 


= .238 

wl 1,200 X 105 

“ 2 (1-kl) 2 X .762 

r , 96,000 X 

- from suspended span =-— 


Excess of cantilever over anchor — 100 pounds per foot 
R —= 100 X 25 


82,680 

126,000 

208,680 pounds 


2,500 


Subtotal for all points 211,180 pounds 

In calculating the dead loads of the transverse girders, the diaphragms, 
the compression struts inside and the web plates are of practically the 
constant weight, but, although the flanges vary to a considerable extent in 
thickness, their total weight distributed, then concentrated at the load points 
wall give moments and shears differing so slightly from the actual cases that 
further rennement of calculation is not necessary. 

From a breakdown of quantities we And that one complete box girder 
weighs 87,400 pounds. Divided by its length, 82 feet, the weight per foot 
is 1,066 pounds or 5,330 pounds at each concentration point. 

The total assumed concentrated load at each point then is, 216,510 
pounds. 

The moments over the bearings and at intervals toward the outer ends 
will be shown. The distance of the origin of moments for each case will 
be designated by 0, 5, 10, etc. 

Xcre: The heavy railing, massive curb and parapet, together with the heavy castings 
used in the ornamentation will practically compensate in weight for the fact that the 
outer girder carries only one-half panel of floor. 


Transverse Cantilever Moments 


0 —216,510 X (5 — 10 - 15 20) X 12 

5 —216,510 X (5 — 10 — 15) X 12 
1C —216,510 X (5 -r 10) X 12 
12.5— 2:6,510 X (2-5 — 7.5) X 12 
15 —2:6,510 X 5 X 12 


Inches per pound 
= 129,906,000 
= 77,943,600 

= 38,971,800 

= 25,981,200 

= 12,990,600 


Inasmuch as this is a double box girder the diaphragms are designed 
to equalize the leads between the two sections of the girders. Calculations 
from here on deal with one^half the loads, stresses and sections. 

From the following table it will be seen that at points 5 and 10 the flange 
section could have been reduced, but, at the point where the stress is 
greatest, only a slight reduction could have been made. 

At the two points, 15 and 20 foot respectively from the origin, the flange 
thickness is governed by the —limits as in like manner the web thickness is 

t «.Jy 

governed by the —— ratio (170) for carbon steel, not by the stress except at the 
point nearest the bearing. 
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Reduced Moments and Section Data 


” Point 

Mom. Reduced 

S-Required 

S-Used 

~~~ 0 

64,963,000 

3,609.06 

3,923.0 

5 

38,971,800 

2,165-1 

2,797.7 

10 

19,485,900 

1,082.5 

2,460.5 

12.5 

12,990,600 

721.7 

1,473.8 

15 

20 

6,495,300 

360.8 

1,373-7 

1,373-7 




Investigating the 40 foot section between the bearing points, we find 
that an appreciable reduction in flange area is possible because of the positive 
moment developed. 

Tlie critical condition of loading for negative moment is produced when 
the live load is applied on the cantilever section of the girder only and the 
dead load only is present on the section between bearings. 

The positive moment caused by this dead load, however, is sufficient 
to per mi t a reduction in the flange plates to a single plate 20 inches x 
inches as against this plate plus an 18 inch x 24 finch plate. This reduced 
section is effective for a distance of 25 feet. 

The design of this section is as follows: The total dead, live and impact 
reaction at each load point, from the foregoing, 216,510 pounds, gross, or 
108,255 pounds for each half of the box girder. The dead load concentration 


alone is about 69,600 pounds. 

Max. Neg. Mom. from cantilever .5,413,580 footpounds 

” Shear, inside section, 69,600 X 4 . 278,400 pounds 


In the following tabulation the points designated by 5, 10, 15 and 20 
refer to the distance from the bearing, this time inside or between the 
bearings. 

Interior Moments, Minimum (Max.—) 

Inches 


5—5,413,580+278,400X 5 X 12 
10—5,413,580+278,400X10 — 69,600X5X 12 
15—5,413,580 + 278,400X15 — 69,600X (5 + 10) X12 
20—5,413,580 + 278,400X20 — 69,600X (5 + 10+15) X12 


per pound 
—48,258,960 
—35,730,960 
—27,366,960 
—23,202,960 


Loading the center section, live, and leaving the cantilevers unloaded 
will yield the maximum positive moments. 

Max. Neg. Mom. 69,600X (5 + 10+15+20).3,480,000 footpounds 

” Shear, inside, 108,255X4... 433,020 pounds 


Interior Moments, Maximum (Max.+) 


5—3,480,000+433,020X 5X12 
10—3,480,000 + 433,020X 10X 108,255X? X12 
15—3,480,000 + 433,020X 15 — 108,255X (5 +10) 

20—3,480,000+433,020X20— 108,255X (* + 10+17) 


Inches 
per pound 
—15,778,800 
+ 3,707,100 
+ 16,637,700 
+ 23,193,000 


From the foregoing tables it is evident that under the loading conditions 
specified, the maximum negative or positive moments, depending on the 
manner of loading, are about equal. 

While it is possible to make additional reductions in the flange plates 
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as was done for a length of 25 feet, it would not be in the interest of 
economy to make a second splice on the inside as the cost of two per side 
or a total of eight would exceed the value of the steel saved. 

It will be noted that in the splices of the compression flange of the 
transverse girders a straight across butt weld is used, while all tension 
splices are accomplished with an extended “V 11 weld, as shown on Fig. 6. 

If we assume the value of a tension weld at the most conservative figure 
of 12,000 pounds per square inch, it logically follows that by increasing 
the length of the weld 50 per cent, the strength equivalent to that of the 
solid metal will be attained. 

In the design of this structure, a value of 13,500 pounds per square inch 
has been used for tension butt welds, as well as compression, where fluctu" 
ating stresses are present. The values of fillets in shear are given elsewhere 
in this paper. 

The specifications for this project require that all plates which are to 
be spliced shall be so done before assembling. Thus all spliced girder 
flanges are welded together before being welded to the girder webs, 
thereby reducing or eliminating stresses “locked up 1 ' due to shrinkage. 

The splices required to unite the longitudinal cantilevers with the 
anchor girders, however, cannot be done this way because of necessity these 
are field splices. 

Cost Analysis—In analysing the cost of the structure, first consider 
tion will be given the weight of electrode or weld metal used. 

The specifications require that all structural steel shall conform to the 
requirements of American Society for Testing materials. Serial Designa- 
tion, A'7 or A'10. 

The electrode used shall be “Semi'Slag, Shielded 11 , meeting the require' 
ments of the A.W.S.'A.S.T.M. of Grade 10 or Grade 15 for filler metal. 

The quantity of welding rod used in these figures is based on the actual 
amount which shall include all loss from excess spatter and the short ends, 
which although not used are included in the gross weight to be paid for.* 
Any salvage value of this material is not considered here. 

The method of calculation here used is based on data furnished by one 
of the largest structural steel companies in the world. 

The weight of weld metal to be paid for will be somewhat less than 
these quantities. 


Weights of Weld Metal 

Stiffeners—Owing to the fact that each stiffener has a Tinch x 1'inch 
triangle cut the two msioe comers to allow for continuity of the welds 
uniting web and flange, fillet wields for attaching the stiffeners to the webs 
ars anoxtened by this amount or one'half the perimeter minus three inches 
will be the actual length for each side. 

Intermediate stiffeners are welded to the compression flange only and are 
mined to bear on the tension flange. The end stiffeners are welded all 
around. 

On suspended spans Each intermediate stiffener of this span excepting 
-hose on the center girder will have a total length of weld fillet of (64+8) 
—3=69 inches per side, or 138 inches 11.5 feet per stiffener. 

There are 16 of these girders on each of which there are 52 stiffeners. 

Total length of these % 6 'inch fillets, 11.5 x 52 x 16=9,568 feet. 

For the center girder with its 72 inch web plate, the length of weld will 
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be, (72 + 8)—3=77 inches per side or 154 inches 12.8 feet per stiffener. 

Length of fillet, 52 x 12.8=666 feet. 

End stiffeners. Short, 34 pieces, double width, 2 fillets each side full 
length and welded to both flanges, fillets 2 feet, all girders about same. 

Total length, 4 x 8 + 2 x 24=80 inches or 6.67 feet per end per girder. 

Total length, all short stiffeners, 6.67 x 34=227 feet. 

Total length all stiffener welds—10,461 feet. 

Weight of above .333 pounds per foot, 10,461 x .333 = 3.484 pounds. 

On anchor spans—32 girders, outside, 38 regular length stiffeners 
(52X8)—3 = 57 inches one side, 114 inches both sides or 9.5 feet per 
stiffener. Total length of welds on regular (52 inch) stiffeners=9.5 x 32 x 
38=11,552 feet. 

6 stiffeners per girder, average length 59 inches, (59 + 8)-—3=64 inches 
128 inches or 10.67 feet per stiffener. Total length of these is, 10.67 x 6 x 
16=1,025 feet. 

Center anchors—56 inch web at normal. Length fillet= (56 + 8)—3=61 
inches one side or 122 inches—10.17 feet both sides. 

Total length 10.17x 38x2 = 773 feet. 

6 stiffeners per girder averaging 63 inches longitudinal length fillets is 
(63 + 8)—3=68 inches one side or 136 inches—11.33 feet both sides. 

Total length 11.33x6x2 = 136 feet. 

Total length of fillets in all anchor spans—13,486 feet. 

Weight of above—13.486 x .333=4,491 pounds. 

On longitudinal cantilevers—-There are 12 full length stiffeners on each 
of these members which have 66 inch web plates. (All but the center 
girder.) 

Length fillet on above (66 + 8)—3=71 inches one side or 142 inches 
both sides,—11.84 feet per stiffener. 

Total length of fillets, 11.84 x 6 x 32=2,274 feet. 

On center cantilevers, 70-inch web plates length fillets (70 + 8)—3 = 75 
inches one side or 150 inches—12.5 feet both sides. 

Total length fillets 12.5 x 6 x 2=150 feet. 

The short stiffeners at the ends of these cantilevers are all the same 
and are about equal in length to the corresponding plates on the suspended 
spans. Total length is 227 feet. 

Total length of fillets for all longitudinal cantilevers is 2,651 feet. 

Total weight of weld metal in above,—2,651 x .333 = 8,858 pounds. 

On each “Z” or diaphragm assembly there are 120 inches or 10 feet of 
% 6 -inch fillets. There are 352 of these diaphragms which require 3,520 
lineal feet of welding. 

The total weight of this metal is, 3,520x.333 = l,173 pounds. 

There are 64 angles at the ends of the anchor spans for the support 
of the end diaphragms which are of concrete. (Previously described as 
counter-weights.) 

Each is 2 feet long and is attached with 2%e-inch fillets for the full 
length. 

Total length of this weld is, 64 x 2 x 2=256 feet. 

Weight of above 256x.333=86 pounds. 

Between the two webs of each box girder there are 17 diaphragms, 
composed of plates 36 inches x 1 inch. Nine of these are 7 feet, 0 inches long 
and the remaining eight are an average of 6 feet, 6 inches in length. Each of 
these is attached to the webs of box girders by four 54-inch fillets, full 
length. Length, all fillets is (7x4x9) + (6.5 x 4 x 8) x 2 = 920 feet. 
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Weight of above at .45 pounds per foot is 920 x .45 = 414 pounds. 

There are 68 compression struts near the lower ends of the diaphragms 
consisting of half 12-inch Is, each of which requires 116 inches or 9.67 
feet of % 6 'inch fillet weld. (These are also milled for exact fit.) 

Length of above fillets, 9.67 x 68 — 658 feet. 

Weight of above 658 x .333 — 220 pounds. 

There are 68 girder seats consisting of partial or “T” sections of 
36-inch'150-pound I beams, each of which is welded to the main girder. 
The average length of these seats is 1.53 feet. The webs of these are shop 
welded to the webs of the main girders and the 12-inch flange is shop 
welded to the bottom flange of main girders, all with % 6 -inch fillets. 

The length of weld for each seat is, 2x 1.53 + 1.0 = 4.06 feet per 
seat. Total length of above is, 4.06 x 68 = 276 feet. 

Weight of above, 276 x .333 — 92 pounds. 

The main transverse girders are tvelded to the sole plates (48 inches x 
2 inches x 5 feet 6 inches) with one-half inch fillets. 

The total length of fillets for two bearings per sole plate, two sole plates 
per girder and two girders, is 48x4x2x2 = 768 inches or 64 feet. 

Weight of above at .75 pounds per foot, is, 64 x .75 = 48 pounds. 

Bottom laterals, consisting of 5 inches x 3*4 inches x 54-inch angles, 
installed on either side of each pier on the anchor and longitudinal canti¬ 
lever spans. 

The quantity of welding is determined by the number of contacts these 
angles make with the above mentioned girders and the length of fillet at 
each contact. 

These laterals are in “X” form and are placed as follows: 

1- each side center, anchor spans. 

1- ‘'X” each side center, cantilever spans. 

Total, 8- “X”s each having 16 angles. 

Total, 128 angles each having two contacts or 256 contacts. 

Each contact is 2 feet, 0 inches long. 

Total length of above fillets (% 6 -inch) = 256x2 = 512 feet. 

Weight of above 512 x.333 = 171 pounds. 

Pin Plates 

There are two of these plates at the ends of each suspended girder 
and two at the end of each longitudinal cantilever. The total number of 
plates then is, 17 x 4 x 2 = 136. 

The perimeter of each plate is 12 feet, 8 inches. 

Total length of fillets for these—136 x 12.67 = 1,724 feet. 

Attached with ^4-inch fillets, the weight of above at .22 per foot is, 
1,724 x .22 = 380 pounds. 

Each of these 14 -inch plates is further attached with 5 plug welds, 1 % 6 - 
inch diameter x - 72 'inch. The weight of weld metal used for these is, at 
.113 pounds each is 136 x 5 x .113 = 77 pounds. 

Flange to Web Welding 

On suspended Span—-Top length 117 feet, 8 inches. 

Total length all, 117.67 x 2 x 17 =4,000 feet. 

Bottom, 62 feet. 

Total length, bottom fillets, 2x31x2x17 = 2,108 feet. 

Total of all above using % 6 -inch fillet, 6,108 feet. 

Weight of above, 6,108 x .333 = 2,034 pounds. 
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For center 60 feet using 54"hich fillets at .45 pound per foot. 

Length—60 x 2 x 17 = 2,034 feet. 

Weight of above, 2,034 x .45 = 918 pounds. 

On transverse girders,— 

Top and bottom, center section, length 60 feet using launch fillets at .75 
pounds per foot. 

Total length 60 x 8 x 2 = 960 feet. 

Weight above, 960 x .75 = 720 pounds. 

Top and bottom, outside sections, length 20 feet each using % 6 -inch 
fillet at .333 pounds per foot. 

Total length 20x8x2x2 = 640 feet. 

Weight of above, 214 pounds. 

On anchor spans. All 54-inch fillets at .45 pounds per foot. 

* Top flange, length 78 feet, 3 inches. 

Total length, all, 78.25 x 34 x 2 = 5,321 feet. 

Bottom flange, length 79 feet, 6 inches. j- 

Total length, all 79.5 x 34x2 = 5,406 feet. 

Total all welds in anchor spans, 10,727 feet. . 

Weight of above, 10,727 x .45 = 4,828 pounds. 

On longitudinal cantilevers. All 54"inch fillets. 

Length, top 23 feet, 3 inches. - ”2 

Length, bottom 22 feet, 4 inches. 

Total per girder 5 5 feet, 7 inches. ' ■ 

Total length, 55.58x 34 x 2 = 3,780 feet. 

Weight above, 1,701 pounds. 

Welding anchors and cantilevers to transverse girders. 

Center girders, 5.5 feet per connection—4 connections. 

Length, 5.5 x 4 x 2 = 44 feet. 

All other girders, 5.0 feet per connection—64 connections. 

Total length, including center, 64 x 5 x 2 = 640 + 44 = 684 feet. 
Bottom flange to flange of seats, at one foot each 1 x 68 = 68 feet. 
Total, all above welds, 708 feet. 

Weight of above, % 6 -inch fillets at .333 pounds per foot, 708 x.333 
= 236 pounds. 

Butt welds, suspended spans, two for each flange, each girder. 

Bottom flange, width of flange 18 inches horizontal “V” splice designed 
for at least 150 per cent of width or 27 inches or 2.25 feet. 

Total length 17 x2x2.25 = 77 feet. 

54"inch plate at splice point, weight metal, 1.4 pounds per foot. 

Weight of above, 77 x 1.4 = 109 pounds. 

Top flange, 18 inches x 54dnch—2 splices straight across. 

Total length, 17x2x1.5 = 51 feet. 

Weight of above, 51 x 1.4 = 72 pounds. 

All of above splices are cut on a double “V” in section. 

Butt welds for girder webs, suspended spans. (1.25 pounds per foot.) 
One each girder, web plates, 64 inches x % 6 -inch outside 16. 

One each girder, web plates, 72 inches x % 6 -inch center 1. 

Total length, 5.33 x 16 + 6.0 = 92 feet. 

Weight above, 92 x 1.25 = 115 pounds. 

Butt welds for anchor spans, web plates 52 inches x 54"inch outside 32. 
Butt welds for anchor spans, web plates 56 inches x 54"inch center 1. 
Total length, 4.3 3 x 32 + 4.67 x 2 = 148 feet. 

Weight of above at 1.05 pounds per foot, 148 x 105 = 156 pounds. 
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Lower flange splices, anchor spans, all straight across. 

First—18 inches x ^8'inch plate at bottom plate (Double “V" 1 ) 

Total length, 34 x 1.5 — 51 feet. 

Weight above, 51 x 1.4 — 72 pounds. 

Second—16 inches x */>■'inch plates under bottom flange plate (Single 

U V") • 

Total length, 34 x 1.33 = 46 feet. 

Weight above at 1.5 pounds per foot, 46 x 1.5 = 69 pounds. 

Upper flange (anchors). 

Butt over transverse girder, 18 inches x 54"inch plate, single “V” fillet, 
straight across. 

Total length, 34 x 1.5 = 51 feet. 

Weight above, at 2.1 pounds per foot, 51 x 2.1 = 107 pounds. 

Butt welds, end of top cover plate to 16 inches x i/^inch cover ’on 
anchor, (Single “V”). 

Total length, 34 x 1.33 = 46 feet. 

Weight above, at 1.5 pounds per foot, 46 x 1.5 = 69 pounds. 

Fillet weld, lower flange cover plate. 

Length plate 30 feet, length fillet 60 feet, 6 inches, % 6 dnch fillet. 

Total length, 60.5 x 34 = 2,057 feet. 

Weight above, 2,057 x .333 = 685 pounds. 

Fillet weld, upper flange cover plate, length plate 32 feet, 0 inches, length 
fillet 64 feet, 6 inch, ( 5 /{r,). 

Total length, 64 x 34 = 2,193 feet. 

Weight above, 2,193 x .333 = 731 pounds. 

Fillet welds, plate joining longitudinal cantilever and anchor spans over 
transverse girder, plate, 16 inches x lj/fc-inch x 19 feet, 8 inches, length 
fillet 39 feet. 8 inches (54'inch fillets). 

Total length, 39.67 x .45 = 1,349 feet. 

Weight above, 1,349 x .45 = 607 pounds. 

There are 36 cast iron ornaments, each of which is attached to the 
outside girders by 6 inch channels 4 feet, 6 inches long. Each channel 
requires 1 foot of hi'inch fillet. 

Total length, 36x4x 1 = 144 feet. 

Weight above, 48 x .22 = 11 pounds. 

Welding sole plates to anchor spans. Plates, 24 inches x 12 x 2 feet, 
0 inches (54'inch fillets). 

Length fillet, each plate 48 inches. 

Total length, 34x4 = 136 feet. 

Weight above, at .45 pounds per foot, 62 pounds. 

48 mcnes x J4rinch x 6 feet, 0 inches plates, ends transverse cantilevers, 
attached by two hi'iuch fillets. 

6 feet, 0 inches long. Total weight, 6x2x4x.22= 11 pounds. 

Total length, 48 feet. 

Gross weight of all weld metal (electrodes), 23,536 pounds. 

In this analysis the weld metal to be included in the determination of 
the cost is that used for the shop welding only. The electrode required 
for field welding is accounted for in a different manner as will be subset 
quently explained. 

From the above total, then, the metal in the following items should 
be deducted; 
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Pounds 

Diaphragms or “Z” frames...1,173 

Bottom laterals ...... 171 

Anchor and cantilever connections to main girders. 236 

Butt welds over transverse girders, anchor to cantilever.. 107 

Butt welds top anchor to cover plate._... 69 

Fillet welds on top anchor and cantilever cover plate. 607 


Total weight of electrode for held welding.2,363 


Deducting this amount from the total given above, there remains 
21,173 pounds to be included in the amount charged to the total cost of 
the structural steel. 

Flame Cutting Costs—In estimating the above costs, the following 
data will be used: 


Per Hour 

Operator, cutting or arc welder,.....$1.50 

Comp. Insurance, 10 per cent.15 

Idle time, operator resting, and during manipulation, 25 

per cent .41 (of tot.) 


Total cost per hour per operator, .$2.06 


From various inquiries the writer learns that the manipulation costs of 
material, that is, the cost of placing in position for cutting and/or welding 
should not exceed $0,005 for each operation and this figure will be used. 

The item of field welding is handled differently from that of shop, 
because of the fact that all of this work is (or was) performed by a com¬ 
mercial weldery, an outfit which furnished an operator and all equipment 
and materials for $36 per day of eight hours. 

For this reason the quantity of shielded electrode will not be included 
in estimating the cost of field welding. This quantity is given only to 
show the amount “Industry” benefits by the project. 

Cutting speed and costs, at $2.06 per hour for labor and gas as shown. 


Foot per 

Hour 

Thickness 

Labor 1 

Cost 

Gas 

Cost 

Total 
per Foot 

120 

K" 

$0.0173 

$0.02 

$0.0373 

110 

W 

0.0173 

0.02 

0.0373 

108 

w 

0.0189 

0.02 

0.0389 

107 

K" 

0.0189 

0.03 

0.0489 

100 

H* 

0.0206 

0.03 

0.0506 

100 

U A" 

0.0207 

0.04 

0.0607 

90 

K" 

0.0228 

0.04 

0.0628 

85 

l" 

0.0243 

0.045 

0.0688 

75 

iK" 

0.0274 

0.05 

0.0774 

65 

iK" 

0.0317 

0.055 

0.0867 

55 

IK" 

0.0375 

0.06 

0.0975 

45 

2" 

0.0458 

0.075 

0.1208 
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Part 

; No. : 
s Pieces i 

; 

1 Length 
Sice per 

• Cut 

Length 

all 

Cuts 

Cost 

per 

Foot 

Total 

Cost 

Location 

Sol. pi. 

-| 34 


2.0' 

68' 

$0.0688 

$4.6784 

On abut. 

Mas. pi. 

- ! 34 

l r 

2.0' 

68' 

.0688 

4.6784 

On abut. 

FI. pis.. 

34 

f s" 

1.5' 

51' 

.0506 

2.5805 

Anchor, top 

FI. pis. 

- : 34 

s if 

1.5' 

51' 

.0506 

2.5805 

Anchor, bottom 

Cov. pis. 

34 

K" 

1.33' 

46' 

.0489 

2.2494 

Anchor, top 

Gov. pis_ 

.. | 34 

K" 

1.33' 

46' 

.0489 

2.2494 

Anchor, bottom 

FI. pis. 

~ i 34 

1 7 4 W 

1.5' 

51' 

.1208 

6.1608 

Anchor, bottom 

Sol. pis. . . 

34 

iH” 

1.33' 

46' 

.0774 

3.5604 

Over trans. girder 

Spl. ph. 

34 

i H* 

9.33' 

317' 

.0774 

24.5358 

Over trans. gird. diag. 

Anchor... . 

34 

316 ff 

9.75' 

332' 

.0389 

12.9148 

Diag., bottom web 

Trs. sJ... 

4 

H* 

7.0' 

28' 

.0489 

1.3692 

Web pis. 

Trs. . 

34 

l " 

3.0' 

102' 

.0688 

7.0176 

Diaphragms 

Trs. gd..... 

34 

V 

3-0' 

102' 

.0688 

7.0176 

Comp, strut, web 

Trs. gd.. 

34 

12." 

2.33' 

SO' 

.1208 

9.664 

Comp, strut, flanges 

Trs. £d.... 

34 

H' 

2.33' 

80' 

.0506 

4.048 

Web for seats 

Trs. gd...... 

34 

1" 

2.0' 

68' 

.0688 

4.6784 

Flange seats 

Trs. sd. 

4 

!/ 

4.67' 

19' 

-0373 

.7087 

End pis., trans. gird. 

Trs. gd.. 

16 

Hie" 

1.67' 

27' 

.0607 

1.6362 

Top flange 

Trs. gd. . 

i 4 

1 7 a” 

1.67' 

T 

.090 

0.630 

Top flange cover 

Trs. gd. . 

S 

5 - * 

1.5' 

12' 

.0628 

0.7536 

Top flange cover 

Trs. go. ... 

3 

11 if/" 

1.67' 

14' 

.0607 

0.8484 

Bottom flange 

Trs. gd. .. 

.. . 3 

IK" 

1.67' 

14' 

.0975 

1.3650 

Bottom flange 

Trs. gd.. .... 

S 

2" 

1.67' 

! 14 ' ! 

.1208 

1.6912 

Bottom flange 

Trs. 2d.. . 

4 

IK" 

1.67' 

7 i 

.0975 

0.6825 

Bottom flange 

Scl. pi... . 

4 

2" 

4.0' 

16' ! 

.1208 

1.9328 

Trans, girder 

Nias. pi.. 

4 

1 " 

4.0' 

; 16' ! 

.06S8 

1.1008 

Trans, girder 

L. crT... 

34 

1 1 16 " ' 

1.5' 

i 51 ' j 

.0607 

3.0906 

j Top flange 

L. cr.t-- 

34 

' 

1.5' 

! 51 ' ; 

.0607 

3.0906 

Bottom flange 

L. cr.t. 

34 

If 4 " 1 

1 . 5 ' i 

! 51' 1 

.1208 

6.1608 

Bottom flange 

L. cr.t. 

32 

Uof 

5 . 5 ' 

: 176' i 

.0389 

6.8464 

’ Web pi. 

L. cnt. 

2 

’ ie" 

5.84' 

12' ! 

.03S9 

.4668 

Web pi. 

SusTsr. 

32 

s C 

1.50' 1 

■ 48' 1 

.0506 

2.4288 

Top flange 

Sus. sf- - 

4 

■j ” 

1-5' ! 

i 6' ! 

.0688 

0.4128 

Top and tottom fls. 

Sus. sp.. 

32 

if 

1.5' 

; 48' ! 

.0506 

2.4288 

; Bottom at ends 

Sus. sp. .. 

16 

1 1 I 4 " 

1.5' ! 

[ 24' ! 

.0867 

2.0808 

Bottom at center 

Fir., pi. .. 

136 

. K r 

12.67' i 

i 1,724' i 

.0489 

84.3036 

Sus. and cant, ends 

Lucks. 

6 S 

! f 

2.67' ! 

: 182' i 

.0688 

12.5216 

Sus. and cant, ends 

"Zi" . 

1,056 

~ 3 

1.0 ' j i 

1,056' 

-0373 

39-3888 

Diaphragms 

AX?” ... . . 

12S 

’ S 

-75’ | 

96' 

.0373 

3-5808 

Lateral brae. 

Stiff... .. 

714 

5-5 

.67'’ ! 

479' 

.0506 

24.2374 

H" all spans 

Stiff...... 

-1 "14 

' 4 tf 

.67' i 

479' 

.0628 

30.0S12 

K" all spans 

Archer. ... 

34 

' K" 

1.33' ! 

46' 

.0489 

2.2495 

Top fl. cov. 

Archer.. . 

34 

K" ■ 

1-33' 1 

! 46' 

.0489 

2.2495 

. Bottom fl. cov. 

End Is . 

64 

i'g” 

.75' : 

48' 

-0373 

1.7904 

1 Cone, diaph. support 

Exp. its . 


1 V 

240' 

4 SO' 

. .0638 

33.0240 

Tooth pis. curve cut 

Exp. jts._ .. 

4 

1" 

1.0' 

4' 

.0688 

.2752 

Tooth pis. at ends 

Ext. its _ 

4 

I 

1 . 0 ' 

4' 

1 .0683 

.2752 

Tooth pis. conn. pis. 


Tora’ cr a rove 


..$372,316 


The writer has compiled the cutting costs from data obtained from 
the Lincoln “‘Procedure Handbook’ 1 , A.W.S. literature and from practical 
welding and cutting mechanics and has taken the average costs so obtained. 

However, on the admonition of one well qualified to advise, the sug- 
gestion that the above costs are too low and should be increased by about 
one-third, has been gratefully received and incorporated herein. 

Increasing the total by this amount and rounding out to the nearest 
even figure gives a working amount of $500. 

^Vhile this figure still seems low, it must be borne in mind that this is 
the actual cost of cutting, handling is accounted for separately. 
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Arc Welding Costs In determining these data, about the same general 
procedure has been followed as in analysing the flame cutting costs, that 
4 is, basic information was obtained from any literature available, and also 
f from practical operators of sufficient experience to render intelligent advice. 
From the general cross section so derived the costs and conclusions were 

decided. 

In calculating the costs, it must again be borne in mind that only actual 
items of power and labor used in the welding operation, with the idle time 
and insurance overhead added, are shown in this tabulation. The cost of 
weld metal and that of placing, turning, etc. (manipulation) are listed 
elsewhere. 

While some structural shops do not figure the electrical energy directly 
in estimating their costs, usually assuming it as general overhead, the cost 
is present and must be accounted for somewhere. 

The tables giving the itemized breakdown of welding costs are founded 


on the following basic rates and factors: 

Labor, including idle time and ins._$2.06 per hour 

Power .02 per k. w. h. 

Operating factors.50 6? .60 

Welding speeds, as indicated. 


All operating speeds, voltages and amperages were taken from 
the “Procedure Handbook” and verified from field information. 
The general formula for power cost is, 


Cents per foot — 


volts X amperes X rate/k.w.h. X operating factor 


1000 X welding speed X operating factor 
For butt welds the required power per foot is: 


w = 


(25 X 130; X 2 X 2 X .5 
1000 X 9.5 X .6 
(25 X 130) X 2 X 2 X .5 
1000 X 7.5 X .6 
(25 X 130) X 2 X 2 X -5 
1000 X 5.0 X .6 


$0.0114 


0.0144 


= 0.0216 


Th ’ S W.SW/erg 

ten <=? s recess ca~y 

must be m<3 
*5 5. 


\‘°‘7 b 


mm ' 


Z c r / 


ELEV. 

CEcrt on 


Pom/ cohere rec/c/cec/ 
ctr^ct nnqy 3 



w/ </th 


Fig. 5. Details of typical splice for tension flange plate. 
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-'« _ (25 X 150) X 3 X 2 X .5 = 11,250 = 

'' s 1000 X 3-8 X .6 2,280 

For fillet welds using 30 volts, 190 amperes, $0.02 rate, operating factors of 
.5 and .6, the cost depends on the speed and is: 

30 X 190 X 2 X -5 _ 5700 _ $0-095 

1000 XSX.6 600 X S S 


Size 

“S” 

Cost per Foot 

z i ,r { 

35 

$0.0027 

i / if 

?i6 ; 

3 f 

30 

0.0032 

20 

0.0048 

~A% 

VA i 

16 

0.0059 

10 

0.0096 


As before stated, field welds are based on the time consumed, as all electrodes, 
of specified sizes, machine, operator and all other incidental expense is concluded 
in the price of $36.00 per day of eight hours or $4.50 per hour. _ 

As all was ready for the welding operator and his idle time for rest and 
change of position was so reduced, the factor for that item will be taken at 20 
per cent. 

These costs will be computed as follows: 


Overhead fillets, _Speed 10 feet per hour 

Overhead fillets, J s"_Speed 7.5 feet per hour 

Vertical fillets, .__.Speed 12.0 feet per hour 

Vertical fillets, s" ..Speed 12.0 feet per hour (using ( " electrode) 

Horizontal fillets, }s" .Speed 25-0 feet per hour 


Overhead : = X 1.2 = $0.54 per foot 

Overhead -V' = 44 X 1.2 0.72 per foot 

/O 

Vertical ’ and X 1.2 = 0.45 per foot 

Horizontal and fs" = 4~ X 1.2 0.26 per foot 


Shop Welding Labor Costs 



Horizontal 

! Vertical 

Overhead 

Single V Butt 

Double V Butt 

Size 

Speed 
Ft. per 
Hr. 

Cost 

i Speed 
j Ft. per 
Hr. 

Cost 

Speed 
Ft. per 
Hr. 

Cost 

Speed 
Ft. per 
Hr. 

Cost 

Speed 
Ft. per 
Hr. 

Cost 

w 

*, , 
j <5 

35 

SQ.05S3 

IS 

$0.1140 

-15S4 

.2288 

13 

$0.1584 

.1872 

15 

$ 0.1373 

.1716 



30 

20 

.0686 

13 

9 

11 

12 



.1030 

9 

.2288 

9 

.2288 



7/ t f 
>16 

16 

.1287 

6 

-3430 

7.5 

.2746 

7.5 

.5 

.2746 



10 

.2060 

5 

.4120 

5.5 

.3745 

.2060 



H 9 

6 

.3433 

4 

.5150 


8 

$ 0.2575 

.2575 


6 

.3433 

4 

.5150 





8 

> -4 i 

4 

.5150 

3 

.6860 





1 S 

2 

1.030 

1.5 

1-3730 
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Power Labor _ . _ . 

Description Size Class per Total Total 

Foot Foot Length Cost 

Sus. sp. stiffs—. Hf Vert. .0032 .1584 10,461 $1,690.50 

Anch. sp. stiffs. He.. Vert. .0032 .1584 13,486 2,171.34 

Lon. cant, stiffs. Vert. .0032 .1584 2,651 428.40 

“Z” diaph.—. g. €s? V. * .45 3,520 1,584.00 

Ls end diaph—. 34 Hor. .005 .1650 256 43.52 

Trans, gird, dia. V *" Vert. .005 .2288 920 215.10 

Comp, struts. 34" H. h? V. .0032 .1659 658 111.27 

Gird, seats. 34" H. h? V. .0032 .1659 276 46.67 

Trans.gdr.sol.pl.- K" Hor. .0096 .2060 64 13.80 

Bottom laterals. 34" * .54 512 276.48 

Pin plates. 24" Hor. .0027 .0588 1,724 106.03 

Flange to Web 

Sus. sp. T. and B. 34" Hor. .0032 .0686 6,108 $ 438.55 

Sus. sp. Bottom. H" Hor. .0048 .1030 2,034 219.26 

Trans, grd. cen. K" Hor. .0096 .2060 960 206.97 

Trans, grd. outsd. 34" Hor. .0032 .0686 640 45-95 

Anch. sp. top. H" Hor. .0048 .1030 5,321 573-60 

Anch. sp. bottom. 3^" Hor. .0048 .1030 5,406 582.77 

Long. cant. T. and B. H” Hor. .0048 .1030 3,780 407-48 

Anch. and cant, to tr. 34" Vert. * .45 44 19.80 

Anch. and cant, to tr. 34" Vert. * .45 684 307.80 

Bottom fl. to seats.- 34" . * .54 68 36.72 

Sus. sp. butt and fl. H" D. “V.” B. .0593 .2575 77 24.39 

Sus. sp. butt and T. H” D. “V.” B. .0593 .2575 51 16.16 

Sus. sp. webs. J4" S. “V.” B. .0144 .2000 92 19.73 

Anch. webs, B't. fi" S. “V.” B. .0114 .1850 148 29-07 

Anch. bottom fl. £4" D. “V." B. .0593 .2575 51 16.16 

Anch. bottom cov. pi. 24" S. “V." B. .0216 .2060 46 10.47 

Anch. bottom fl. cov. 34" Hor. Fill. .0032 .0686 2,057 147.69 

Anch.topcov.pl. 34" Hor. Fill. .0032 .0686 2,193 157.46 

Anch. and cant. ov. trans_ fi" Hor. Fill. * .260 1,349 350.74 

Ornament supports. 34" Vert. .0027 .1140 144 16.80 

Sole pis. to anch. $4" Hor. .0048 .1030 136 14.66 

Ornament pis., ends.j 34" Vert. .0027 .1140 48 5.60 


Total Welding Cost, Power and Labor. $10,334.94 

*This symbol denotes a field weld, the cost of which is previously explained in foregoing 
text. 

The following data are submitted in support of the breakdown of estimate 
which will be further analyzed and tabulated. 

Steel at Mill—This price taken from “Engineering News-Record. 1 ’ 

Electrodes—Cost of this material given by proprietor of a commercial 
welding shop. 

Labor—Rate given by employees of a large structural shop. 

Insurance and Idle Time Assumptions—Same source as above. 

Freight—Rate obtained from agent of N. Y., N. H. H. R. R. 

Loading and Unloading—Estimated from observations of writer. Not 
verified but cost stated as reasonable by an old structural steel superintendent. 

Manipulation —From same source as above. Includes boring, turning pins, 
threading same, all milling of comp, struts, stiffeners, diaphragms and all 
other machine work. 

Erection—Also from same source as above. 

Haul—Price obtained from manager of local trucking and rigging firm. 
(Given as “about 11 , not exact.) 
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Center Support —Price obtained from general contractor (the builder). 
Paint —Amount of paint from Ketchum’s “Design of Highway Bridges'’, 
Ed. 1908. Cost of paint and application from data compiled by Bridge Sup’t 
State Highway Dep’t. 

Other items are explained and analysed in the foregoing. 

Additional Cost Data —Freight, Pittsburgh to Trenton (mill to fabrication 
shop, 352 miles, $0.24 per cwt.). 

Manipulation, for cutting, $0,005, total. 

Manipulation, for welding, also all machine work, $0.01, total. 

Loading, mill and shop after fabrication, to trucks on arrival at siding, urn 
loading at fabrication shop and at site and siding, $1.00, total for all. 
Freight, Trenton to Hartford, 170 miles, $0.24 per cwt. 

Haul, 1 mile at $0.40 per ton mile. 

Paint, 1st coat, shop, l / 2 gallon per ton, 2nd and 3rd coats, 54 gallon per ton 
each. Total, l / 2 ~r 54 fs = L25 gallons per ton. Cost of paint ~h applies.' 


tion — $5.00. Amount, S50 tons at 1.25 gallons per ton = 1,062.5 gallons 
Use 1,100. 

The following resume gives the costs on which the steel contractor could 
base his bid. 

1,700,000 lbs. structural steel at $0.021.$ 35,700.00 

Freight, mill to shop. 4,080.00 

Freight, shop to siding. 8,450.00 

Loading and unloading, all operations, at $1.00 each per ton. 850.00 

Haul, siding to site, 850 tons at $0.40. 340.00 

Manipulation, all at $0-015. 2,550.00 

Flame cutting . 500.00 

All arc welding. 10,361.00 

Shielded Arc Electrodes, 21,200 lbs. at $0.08. 1,696.00 

Erection, 850 tons at $20.00.. n’oOO.OO 

Center support*. lJOO.OQ 

Paint, 1,100 gals, at $5.00 applied. 5,500.00 


Total of above .......$ 88,527.00 

Profit, 15% of above total.$ 13,279.05 

Estimated cost of structural steel in place .$101,806.05 

Dividing the above total by the weight, 1,700,000 lbs., gives a unit price of 
$0.05988. Contractors bid was $0,075. 

* Center support is for suspended span until concrete hardens (21 days). 


In quoting a price of $0,075 per pound for the structural steel in place, 
reference is made to the bid of the general contractor. What the steel fab¬ 
ricator may have bid to the general contractor is not known to the writer, 
but it is customary practice for the latter to offer the same unit price on 
structural steel as is quoted to him. 

Strangely enough the bid on most of the principal items of this contract 
were identical with the unit prices of the preliminary estimate. Although 
great care was exercised in the preparation of the latter, it is seldom that an 
estimate runs as close to the bid prices as in this case. 

In order to estimate the amount of steel, incidentally money saved by 
the use of welding in place of riveted construction, a design and estimate 
of a riveted plate girder substituting the welded suspended span girders and 
using the conventional type of construction. The slab will not be combined 
with the girder as in the case of the one constructed and no composite action 
is possible. 
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The span will be the same and the depth of the girder must remain as 


before. 

i Dead loads, Slab, .58 X 5 X 150 =. 438 lbs. per ft. 

Future Pav’t @ 25 lbs. per sq. ft. 5 X 25. 125 lbs. per ft 

Girder, est. @. 400 lbs. per ft. 

Masc. details . 37 lbs. per ft. 


Total lbs. per ft...__ 1,000 lbs. per ft 

Dead Load Moment, 

1,000 X 120 “ X 1-5 =...21,600,000 in.Tbs. 

Live Load Moment, “FL20” 

640 X % = 356 lbs. per lin. ft. Uniform Load. 

18,000 X % = 10,000 lbs. Concentration. 


50 

Impact, £ Y 2 5 - ~ 20.4% use 21% 

Live Load Moment, Unif. 356 X 120 2 X 1.5 =. 9,304,416 in.Tbs. 

Live Load Moment, Cone. 10,000 X 120 X 3 =. 4,356,000 in.Tbs. 

( 21 % Impact included in above) 

Total including Dead Load Moment.35,260,416 in.Tbs. 


For Web, Max, End Shear, Dead, Live and Impact.103,323 lbs. 

103 323 

Web Area Required ■ ^ qqq" = 9 - 4 SC L ins - 

9.4 - 

t = — = .147 ms. 


By Specs. = clear dist. or = -305—use 

Area Web, 64 X .375 24 sq. ins. /$ =.... 

Required Flange Area 63 x 18 ; 000 =. 

Less ]/& Web.. 


3 sq. ins. 
31.1 sq. ins. 
3.0 sq. ins. 


Net Flange Area Required.28.1 sq. ins. 

% area in angles, 2 Ls 8 " X 6 " X 54 ".14.22 sq. ins. 

Required area plates.13.88 sq. ins. 

1 sq. in. out, 18" plate 16 t = 13.88, t = .8675, use J4" 

Weight per ft. at center, Web. 81.6 lbs. per ft. 

4 Ls 8 " X 6 " X 54 " .114.0 lbs. per ft. 

2 pis. 18" X 54".107.1 lbs. per ft. 

Total . 302.7 lbs. per ft. 


Moments at Quarter Point 

D.L.M. 60,000 X 30 —(30 X 1,000 X 15) X 12 _ 16,200,000 in.Tbs. 

L.L.M. (unif.) 356 X 60 X 30—(30 X 356 X 15) X 12 5,767,200 in.Tbs. 

L.L.M. (conc.) l 0 ' 00 ^* 90 X 30 X 12 . 2,700,000 in.-lbs. 

Impact 21 %..... 1,778.112 in.Tbs. 


Total 


.26,445,312 inAbs. 
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„ . _ . , 26,445,312 n 

Flange Area Required ^ - ^0 = . 2j ' 9 Sq ‘ mS - 

J/g Web. 3.00 sq. ins. 

2 Ls 8 " X 6 " X Vs" .-.14.22 sq. ins. 

Plate Area Required.-.-. 6.68 sq. ins. 

16 t = 6.68 t = .417" use V 2 " 

Instead of a 7 /&" plate at the center the area should be made up, of one y 2 " 
plate full length and one Vs" plate ending near the quarter point. 

Stiffeners, 6 " X 4" X Vs" X 63 >4" long. 

Weight, 12.3 X 5.27.-. 64.82 lbs. 

Fillets 3 V," x V&" X 51" long. 

Weight 7.4 X 4.25.~.-. 31.45 lbs. 


Total .-. 96.27 lbs. 

52 stiffener assemblies per girder, weight 52 X 96.27. 5,006 lbs. 

4 one half length 4 X 48.13—. 192 lbs. 


Total all stiffeners . 5,198 lbs. 

Weight of Girder Complete 

Top angles, 117.84 X 28.5 X 2 .- 6,716.88 lbs. 

Bottom ar.tries 122 X 28.5 X 2 . 6,954.00 lbs. 

Web, 64" X Vs" 81.6 X 120 . 9,792.00 lbs. 

Splice elates (assumed) 52" X 48" X Vs" (web) 

Weight 19.5 X4 X 2 . 156.00 lbs. 

Flange sol ice (also assumed). 684.00 lbs. 

Gussets for Z s ; 12 " X 1 ' 6 " X Vs" 

Weight 15.3 X 1.5 X 16. 367.20 lbs. 

Z braces ansrles 6 " X 4" X Vs", length all, 14' 6" 

Weight 14.5 X 12.3 X 8 . 1,426.80 lbs. 

Pin. plates =1.75 X 4 X 15.3. 214.20 lbs. 

Top cover plate IS" X X 117.8. 3,604.68 lbs. 

Top cover plate 18" X %" X 60'. 1,377.00 lbs. 

Bottom cover plate IS" X l / 2 " X 122 '. 3,733.20 lbs. 

Bottom cover plate IS" X Vk" X 60'. 1,836.00 lbs. 

2 -splice plates * 1 S" X V 2 " X 6 ' 0 " X 2 . 367.20 lbs. 


Sub'total.....42,427.16 lbs. 

Rivet Heads, diameter 

Short stilts. 5 X 4 X 2 ....... 40 

Standard stiffs. 9 X 26 X 2 . 468 

Flanges S per ft. 8 X (117 4- 120 ) X 2 ...3,792 

Z’s 9 X 16 X 2 ....... 288 

Web splices 80 X 2 .... 160 

Pin plates (est.)„.. 52 


Total rivet beads....4,800 

Hanger links 124.25 X 4... 497 lbs. 

4,800 rivet beads 24 lbs. per 100. 1,152 lbs. 

Total weight of all steel per girder. 44,246 lbs. 

.4% allowed for paint..—. 176 lbs. 

Total pay weight....44,246 lbs. 
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According to previously given figures the welded girder weighs, 33,620 
pounds net or 33,755 pounds with the paint allowance. 

From these figures it is readily seen that the riveted girder is about 31 
per cent heavier than the welded type. 

It is reasonable to assume that the same percentage of increase will 
be carried throughout the entire structure. 

The total weight of a riveted girder bridge according to this assumption 
would be 1,700,000 X 1.3 = 2 , 210,000 pounds. 

The lowest price received for riveted girder work within the last year 


is $0.06, while the average was $0.0625. 

Cost of welded type, complete structure.$127,500.00 

Cost of riveted type, complete structure 2,210,000 X 0.06. 132,600.00 

Difference in favor of welded bridge. 5,100.00 


Part of the saving, however, is offset by the cost of the stirrups used 
in the composite center span girders. This steel weighs about 12,000 
pounds but the contractor bid the same amount for these as for the rest 
of the reinforcement, $0.04, which included the welding in place. This weld¬ 
ing is not considered in this paper. 

Other welding done on this structure included that on the ornamental 
handrail, but it is difficult for anyone not intimately associated with this 
specialised business to make an intelligent analysis of this type of railing. 

On completion, this bridge is to be painted a dark tan, with a darker 
shade for the railing. The piers and abutments are faced with artificial or 
“cast” stone, colored to simulate Portland sandstone. 

The contract for this project was awarded in early May, 1941. The 
substructure was completed in late November of that year. The structural 
steel began to arrive in March, 1942 and all erection and structural welding 
was completed about May 15, 1942. 

It is expected that this bridge will be completed on or about July 1 st, 
and the entire by-pass, including the main bridge over the Connecticut River 
will be completed and opened to traffic by September 15, 1942. 

When this is accomplished another important link in the Boston to New 
York traffic chain will be in service and it is hoped that another important 
traffic congestion problem will have been solved. 

In the itemized breakdown of the welding costs it may be here stated that 
the various items were not "jockeyed” to arrive at the same figure as that 
bid by the contractor. 

When the estimate for the allocation of money for the project was 
prepared, the figure of $0,075 was used and based on bids received on smaller 
welded structures recently designed. 

Many of the items entering into the total cost of the structural steel 
seem, even to the writer, to be somewhat inconsistent, that is, some too high, 
some too low. 

As an instance the total cost of all cutting at $500 appears to be too 
low, yet a fair labor rate was used, a conservative conception of the speed 
curves and gas costs was also used. 

On the high side, the erection unit price of $0.01 would seem to be 
excessive, but that price was obtained from a reliable and authoritative 
source. It may well be assumed that although some items may be high and 
some low, there appears to be a balance in general and the final amount 
is practically what it should be. 

It may be of interest to give a complete list of all the contract items and 
the unit prices as bid by the contractor, so this shall follow. 
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Items 

Unit 

Quantity 

Unit Price 

Total 

Clearing and Grubbing. 

Bridge Excavation* . 

Stone for Drains*. 

1 /2" Expansion Joint . 

Deformed Steel Bars. 

Structural Steel* . 

Metal Bridge Railing. 

Class “A” Concrete* .. 

Cast Stone ... 

Cast Stone Ornaments. 

Cast Iron Ornaments.. 

. L.S. 

. C.Y. 

. Tons 

. S.F. 

. Lbs. 

. Lbs. 

. L.F. 

;.c.y. 

. L.S. 

. Each 

. L.S. 

4,400 

70 

830 

438,560 

1,700,000 

800 

4,280 

4 

$1.50 

2.00 

0.50 

0.04 

0.075 

12.00 

14.00 

50.00 

$500.00 

6,600.00 

140.00 

415.00 

17,542.40 

127,500.00 

9,600.00 

59,920.00 

15,000.00 

200.00 

2,500.00 

Copper Flashing ... 

Portland Cement ... 

. Lbs. 

. Bhls. 

710 

6,225 

1.00 

2.40 

710.00 

19,940.00 

Total Bid for Contract Items .... 
State’s Estimate for above items. 




..$260,567.40 
... 256,699.50 

Items marked thus * were bid by 

contractor 

at same unit price as was estimated by the 


State. 

Summary and Appendix—This section of the paper has been prepared 
with the thought of endeavoring to clarify, explain, excuse, reason, or, 
perhaps, alibi some of the data and other matters appearing from time to time. 

The design of this bridge was started in the Fall of 1940, when, although 
war clouds may have been dimly visible on the horizon, at least there was 
no scarcity of any commodities, steel in particular. Were conditions at that 
time as they are at present (May 1942) this project would have been in- 
definitely postponed along with all of its steel companions and perhaps 
those of reinforced concrete on this by-pass. 

This paper is written in the vein of peace time design, with all materials 
readily available and labor in its normal state. Such conditions must again 
prevail before the project can be duplicated. 

However, some changes were made, differing from the original design, 
just because of these abnormal conditions, and they have, for the most part, 
been taken into account as far as they are known to the writer. This is 
responsible for the change in tense, from “is” to “was” and vice-versa in 
many places during the discussion. Minor shop changes which would not 
be incorporated in another similar design but were made because of the 
lack of some particular sice of material, wall not be mentioned, although there 
were several such substitutions. 

The writer has always been firmly of the opinion that welding could 
best be promoted by proof of its economical use, but if some of the fillet 
sices and ether items of welding called for seem to be, (and are) of exces¬ 
sive sice, it is because of the fact that this bridge was designed under specifi¬ 
cations which are unreasonably conservative, a condition that the writer 
is confident wall soon be corrected. 

In treating the design of the suspended span girders, it may have been 
noted that the size of the reinforcing steel for the stirrups was not stated 
but assumed. The size is not known to the writer even at this time, but this 
particular type of design is adaptable to any sice reinforcement. While the 
sice bars in the foregoing was assumed at x /z inch square the spacing and 
other details were not worked out for reasons as stated. 

With reference to this type of design, the writer does not claim this 
to be his original development. Whoever developed the “Tee” beam theory 
belongs the credit of this design as there is little, if any, difference. As long 
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Fig. 7. Structure completed. 


ago as 1925 the writer endeavored to develop a design similar to this one, 
applying the same theory to the use of "I” beams but while the paper design 
was “successful,” lack of welding knowledge prevented the project from 
becoming a tangible object. 

The reason for a considerable understress in the tension flange of the 
suspended span girders was because of the fabricator’s objection to a 12" x 
i/ 2 " top flange plate, adequate for stress requirements but too flexible for 
erection because of the length. 

It may appear that too much time and effort have been spent on the 
details of design. The reason that this has been done is because many 
engineers as well as students have asked the writer so many different ques" 
tions and have shown such a genuine interest in the project as a whole, that 
he believes a complete structural design may well accompany the welding 
treatise. The design is, however, nothing greatly out of the ordinary. 

One question which has been propounded is relative to the depth of the 
center span girders. Several seem to believe that a saving of metal would 
have been possible by increasing the depth of these girders. This is true, 
but certain under clearances had to be maintained and every foot the grade 
was raised added terrifically to the cost. There are side slopes of 1 : 2 , which 
means that for every foot of height the width increases four feet, and as 
acquisition of real estate was both difficult and expensive, each four feet 
saved effected an appreciable saving in dollars. 

Another reason for the relatively shallow center girders is that it was 
highly desirable that the grade be kept as low as possible in order to require 
as little borrow as necessary. There was little filling material in the vicinity 
of this bridge, the haul was long and consequently expensive. 

One other point regarding the excess of welding used in several connect 
tions. The writer, on request from the fabricator, agreed to the use of inter" 
mittent welding on the top cover plates over the transverse girders on finding 
from a review of the design that this was possible. This was also done 
at the extension cover plate on the top flange of the anchor span girders 
where there occurs a reversal of stress, but the fillets are more than adequate. 
An adjustment in price was also effected. As this was not figured in the 
original design, it therefore was not considered in the cost analysis. 

In choosing a title for this paper, the writer does not seem to have 
selected one which sounds in the least impressive. There are many welded 
plate girders in existence, large, small, light, heavy, handsome and some 
are extremely hideous, the latter seeming to predominate. 
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The writer believes that this bridge will present a picture quite the oppo- 
site to the last named adjective, partly through his own efforts and mostly 
from the artistic touches of a skillful architect, who, by the simple addition 
of a few cast iron ornaments on the outer girders, the design of a hand- 
railing embodying several silhouettes, symbolical of industry and history 
(Aeroplane production. Charter Oak, etc.) has transformed what might 
have been questionable to pleasing in appearance. 

What once was a wide and spacious intersection now seems dwarfed 
and subordinated to the structure which accommodates four lanes of high 
speed traffic, yet on the lower level traffic is no more constricted than it was 
previously. 

While this bridge now occupies practically all of what was once known 
as "'Goodrich Square” there seems to be but little local opposition to the 
structure, contrary to what was expected. This bridge is promoted as a welded 
project for reasons which will be subsequently given. 

As far as the writer has been able to determine, it is the largest purely 
highway grade separation in New England, not only based on its total span 
or~ its width but on the quantities of material, the width of area of the 
intersecting streets on the lower level and the money involved. 

There are 1,700,000 pounds of carbon structural steel in its makeup. 
There are about 12 tons of welding rods or electrodes. The total length 
of all the filet welds is something over 12 miles. 

When measured against the enormous structures of modern times, this 
structure may not seem, and is not really large. But when compared to the 
many bridges of its own class it will become outstanding. 

The division of the public which w ill benefit the most from this structure 
is the motor car driver, him whose money has made this and practically 
every other major highway project possible. 

Every grade separation is one less driving hazard. When grades must 
intersect on the same level as in this case, (Jordan Lane and Franklin Avenue) 
the wider the intersection is made the safer is the intersection itself. 

In all probability, right turn connections will be built under the anchor 
spans in the near future. While it is not claimed that the bridge is 
responsible for this improvement, it is evident that the bridge will in no way 
act adversely. 

In conclusion, the writer believes that the bridge described herein fulfills 
the requirements of the traffic problem as hereinbefore stated. 

There is little doubt that the smooth, clean and regular appearance 
created by welding will appeal to the layman as well as the engineer. That 
fact is now well established. 

Again viewing the project as one designed and built in normal times, 
it may be safely stated that the steel industry reaps an appreciable harvest 
in the sale, fabrication and erection of 850 tons of their product; manufac¬ 
turers of shielded electrode benefit to the extent of 12 tons of their product, 
railroads, truckers and commercial welderies also enter the picture as co- 
beneficiaries. 

With reference to commercial welderies, it is highly encouraging to 
the structural engineer who plans to depend heavily in the future on welding 
as a means of assembly, to note the remarkable service that these companies 
are now capable of rendering. This fact alone will remove one large 
uncertainty from the minds of structural engineers who have been heretofore 
somewhat hesitant about specifying welding. 
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Like any steel bridge, if the color scheme is not satisfactory or have the 
appearance anticipated, a change may be easily effected. 

Finally, in designing and promoting a welded girder grade separation 
of the magnitude of this, the writer hopes that it will help to abolish the 
reluctance toward welding on a large scale and that the true value and 
economy of arc welding may be appreciated. 

This bridge is on the main artery leading from the giant Pratt and 
Whitney Aircraft factory, so, with no credit to the writer, probably there 
is one who will benefit most, that grand old gentleman who we all criticise 
yet love, Uncle Sam. 



Chapter V—Trusses for Swing Bridge 


By B. M. Shimkin, 

Associate Bridge Designer Engineer, Bridge Department of State of California , 

Sacramento, California 


Subject Matter: Detailed comparative designs for a semi-welded 
and for a full-welded highway swing bridge of 287-foot span. 
The semi-welded has just been opened for traffic (June 1, 1942). 
The full-welded span is to be built this year (1942). A similar 
all-riveted span was built in 1936. 


The use ct arc welding started actually in the time of the first great war 
as a faster and more flexible type of structural connection than riveting. 

In the infancy of welding it was used in case of emergency only, and as 
soon as an emergency was over the old riveting method came back in full might, 
especially in countries where an enormous sum of money was invested in 
manufacturing and riveting machinery. 

In the same time the designing engineers restrained themselves from using 
welding in their practices, being not so familiar with this new 7 type of connec¬ 
tions and net so sure about allowable stresses and a control of technique of 
welding . 

But arc welding had and has its own pioneers, who always saw the greatest 
possibilities of welding in steel construction and with inexhaustible energy 
worked in this line. 

The best pioneer forces organised the American Welding Society and 
approached the welding on experimental and scientific bases and at the present 
time this society is rightfully considered as the expert and authority on welding. 
Its specifications are used as standard by most engineering organisations, not 
only in the United States of America but throughout the whole world. 

But this society could never reach such results without the help and 
support from the American electrical and wielding manufacturers. By their 
mutual effort and work now* the arc welding is officially accepted in construction 
and design of steel structures and a course of welding design is included in a 
curriculum of engineering colleges. 

Recently graduated young engineers now have the knowledge of welding 
design and its application from the colleges and they are not afraid to use that 
in their practices. All new structural handbooks and textbooks have data and 
details of arc welded connections as w T ell as riveted ones. 

The second great war found arc welding in its maturity and was used 
from the beginning on a great scale, especially in shipbuilding. 

On February 16th of this year (1942) the Secretary of the Navy, Frank 
Knox, on the launching of the 35,000-ton battleship “Alabama,” said that the 

414 



B. !*!. Sh'rrkin 




SECTION V-STRUCTUR.iL 


415 


use of welding and other means in the $80,000,000 Alabama have so decreased 
its structural weight as to add considerably to its capacity for guns, armor and 
ammunition. And everybody understands what that means in war time. 

At the present time, arc welding has passed a period of pioneer experi¬ 
mental stage and entered into a stage of scientific and manufacturing per¬ 
fection. 

With unlimited American science and ingenuity, arc welding will be soon 
perfected and become the one and only type of structural connections and 
will replace the old, out of date riveting. 

Steel structures replaced iron; electric power replaced steam; now in the 
age of electricity—electrical arc welding will replace mechanical riveting. 

It is an evolution and cannot be another way. 

This paper presents the design for a highway two-lane swing bridge truss. 
Both riveted (semi-welded) and welded trusses are presented, together with 
an economic comparison of these two types. 

General Discussion of Project —This swing bridge (riveted and semi- 
welded) was designed and built in the United States of America during 
194b42 and will be open to traffic on June 1, this year, (1942). 

The duplicate swing bridge is expected to be built during this year at another 
site. The similar, the same span all-riveted swing bridge was built in 1936 
(for H-15). 

In the construction of the present, (See Fig. 1), swing bridge (for H-20-12) 



Fig. 1. The arc welded swing bridge. 
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arc welding was permissible to use in limits, prescribed by the American 
Association of State Highway Officials Specifications 1938. 

The total amount of arc welding used in the present structure equals to 
2032 feet (mostly inches) or 483 pounds of electrodes. 

The soil conditions at the site are such that the height of the road fill is 
limited and total length of structure was fixed as well as the grade of bridge 
deck. This bridge crosses a navigable river and must be open for passing ships. 

With such a limitation the comparative estimates of swing and bascule 
bridges, (See Tables I and II), were prepared and show a saving in favor of 
swing bridges—4.8 percent. 

Also, according to Otis Ellis Hovey, Assistant Chief Engineer of the 
American Bridge Co.—“A swing bridge is the simplest, best and most economi¬ 
cal type in first cost and maintenance.* 11 Farther on he said: 

u An engineer, when discussing with another the question of the selection 
of the most suitable type, expressed his views quite simply. His first choice was 
a bridge that remained on the ground when open; his second was one that had 
only one end lifted in the air; and his third, one in which both ends were lifted. 
This is, first, swing: second, bascule; third, vertical lift. ... In addition to 
economy in foundations masonry, and weight of superstructure, another 
important saving of the swing bridge is the reduced cost of the steelwork and 
erection. 1 ' (Movable Bridges, by Hovey, Vol. I, pp. 20-22-27). 

The ccst of maintenance for swing bridges is less than for bascule bridges. 

The Annual Reports of the Department of Bridges, City of New York (for 
period 1913-1916), based on data for six swing bridges and ten bascule bridges 
of the same spans, shows the ccst of maintenance and operation. 

Bascule bridge for year $9467 
Swing bridge for year 7916 


Our State (period 1939-1941) based on data for three bascule and three 
swing bridges 


Bascule bridge for year.$9740 

Swing bridge for year. 4298 



aparative figures can be accepted in a broad statement only, 
too many castors involved to make, an accurate comparison 


However, the study of maintenance expenses revealed that the greatest 
cart cr the money goes to repair and replacement of deck on bascule 
cringes. By the nature of the bascule bridge it requires lighter deck slab 
—to recure counter balance, tooting and weight of truss, but at the same 
time constantly increasing speed and weight of traffic vehicles demanded 
a gooo solid deck slab, which can be furnished by a swing bridge only. 


Description Project—The swing bridge, described in this paper, was 
built m a lowland country, where the soil has very poor bearing capacity 
and an unlimited space for such a kind of bridge was provided. The road¬ 
way width of bridge is 26-feet—0-inches between curbs and two sidewalks 
of two teet wide were built. The modified Pratt trusses were used with 
31-feet—9-inches between centers of trusses, and 287-feet-3^"inches between 
abutment bearings. The center bearing was based on center round reinforced 
concrete hollow pier 40-feet-6%-inches diameter with 143 Douglas fir piles. 

The center pier and abutments are protected by the fenders. For navi¬ 
gation two 110-foot clearances are provided. 
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TABLE I—Estimate of Bascule Bridge (146-foot) 


110 Foot Clearance 

26 Foot Roadway + 2 @ 2 Foot Sidewalks 


1 . Structural steel—710,000 @9c . 5 63,900.00 

2. Machinery—80,000 @50c .. 40,000.00 

3 . Floor and handrail . 3,280.00 

4 . Counterweight: 

Concrete 401c.y @18.00 . 7,210.00 

Reinf. steel 9100# @5c . *460.00 

5. Operator’s house and electric equipment . 15,000.00 


$129,850.00 

Royalty 5% . 6,490.00 


$136,340.00 

7 Two fenders . 2,540.00 

8 . Pier . 40,500.00 


$179,380.00 

To span difference (287'— 3j/ 2 ") — 146' = 141 '—3Vi", use additional 
concrete spans 50'—41.29'—50\ 

9 Structural steel—132,000 @9c . 11,880.00 

10* Reinf. steel—22,500 @5c . 1,125.00 

11 . Concrete 113c.y @$20.00 . 2,260.00 

12. Concrete piles 21@(80') @$2.45 . 5,145.00 


$ 20,410.00 


From 1 to 12: .....$199,790.00 

Contingencies 15% .. 29,970.00 


$229,760.00 

TABLE II—Estimate of Swing Bridge (287-foot— S 1 /^ inches) 


2@110 Foot = 220 Foot -0 Inches Clearance 
26 Foot Roadway + 2@2 Foot Sidewalks 


1 . Structural steel—759,000# @9c . 

2. Machinery—88,500# @50c .--. 

3 . Floor: Concrete—173c.y @18.00 1 

Reinf. steel—47500# @5c r. 

Handrail—574' @1.50 J 

4. Fender and piles ...-. 

5 . Operator’s house, electric and gas equipment . 

6 . Draw rest: 

Reinfor. steel—18,500# @5c . 

Tremie concrete—370c.y @15.00 — 

Struct, concrete—-528c.y @20.00 . 

Gravel—143 @3.00 . 

D. F. piles—143 @36.00 (60' long) 
Struct. Excavation—950c.y @8.00 

7. Fender round pier 

D. F. 89 M.B.F. @ 90.00. 

244—D. F. piles 65' @ 38.00 . 


$ 


.$ 925.00) 

. 5,550.00 | 

. 10,560.00 l 
429.00 f 
. 5,148.00 | 

. 7,600.00 J 


68.310.00 

44,250.00 

6,350.00 

1,270.00 

23,000.00 


30,212.00 


8.010.00 

9,272.00 


Contingencies 15% 


$190,674.00 

28,601.00 


- $219,275.00 

Note: The comparison of estimate of swing bridge and bascule bridge shows a saving 

fiSf “111 biddta* 1940, on »M=h eo„«« 

is given. _____—-— 
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All machinery, abutments, piers and other details which are common, 
for both (welded and semi-welded) designs are omitted from consideration 
in this paper. Only, it should be mentioned that the machinery weights 
expressed in percentages of structural steel weights for highway bridges 
equal to from 12 percent to 13 percent for span of 2OG-feet-3 00-feet. It was 
checked in our design and gives 11.7%, and is also given in Table 3L 
of “Movable Bridges” by O. E. Hovey (Vol. 1, p. 79). Such percent (12%) 
was used in final estimate for welded structure. 

For better comparison of the two designs, the controlling dimensions and 
general features of the welded design were made the same as for the semi- 
welded one. An exception was made for the deck slab of welded design,— 
using "I-beam-lok armored bridge roadway slab”, filled with Haydite con¬ 
crete, instead of reinforced concrete slab used in present bridge. 

It should be mentioned also that the design of swing bridge is quite 
different compared with a common truss bridge. It is not only a bridge, but 
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Fig. 2. Welded truss for swing bridge. 
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a bridge and a great deal of machinery and a special equipment (locks, 
buffers, gates, signals, operator's house, etc.). 

To obtain the design stresses for members of truss it required calculation 
of stresses in live loading cases and later five combinations of such cases. 
After that many members should be checked to additional wind, bending and 
eccentrical loading stresses. These additional stresses considerably increase 
section areas of members compared with areas required by the ''design 
stresses" only. 

Construction —The presence of the rest draw and fenders in a swing 
bridge create the most ideal conditions for an erection of trusses. 

The contractor has a platform to work on without any extra expense for 
false work, in contrary he is paid for that. 

The welded members and fillets to gusset plates were shop fabricated 
and no field welds were used in construction of present bridge. However, 
electricity was available on the site from the beginning of work. 

The absence of rivet heads on welded members gives a smooth nice 
J appearance and creates a beautiful impression compared with riveted mem" 

} bers and decreases painting expenses; also increases the life of bridge by 
elimination of many "starting points" of rusting around rivet heads. 

In the case of full welded trusses the benefit of the rest draw will be 
extended by omitting the seat angles for the floor girders, stringers and 
other members and supporting of all these members directly from the 
unyielded platform for the field welds. That saves a great deal of con" 
struction expenses. Again, the rest draw gives to the welders and their 
equipments the best working conditions compared with any other construe" 
tion on false work and will increase their efficiency. 

No filler plates are used in new welded trusses. They are replaced by 
the spacer bars, described in details in Fig. 2, which gave simpler details and 
eliminate ambiguous design for filler plates. 

The American Welding Society formulas for calculation of the required 
area of welds for end connections of the truss members give quite great 
areas for welds and, finally, such excess creates total amount of field welds 
greater than shop welds. (See Table III). 

In the present case this disadvantage of field welds will not increase 
considerably the cost of construction, because 1) electricity available on the 
site; 2) presence of the rest draw gives the best conditions for work; 3) 
simplicity of erection; and, 4) local perfect climatical conditions—and all 
these factors will insure about the same surroundings as in the shop. 

General procedure of construction for welded trusses will be practically 
the same as for riveted one—start from center pivot girder and proceed to 
ends—and to be executed according to the best present welding practice and 
the specifications of the American Welding Society and the American Asso" 
ciation of State Highway Officials. 

The observation of construction of the present semTwelded trusses for 
swing bridge and also many other jobs where welding is amply involved gives 
full confidence in the ability of the qualified welders, civil engineers and 
contractors to handle and accomplish such a job with the best results 
and economy. 

Weight and Economical Comparison of the Two Types—The weight and 
economic superiority of the welded trusses is shown in Table IV and in the 
Estimate of Swing Bridge (welded trusses) in Table V. 



I able III Estimate of Shop and Field Welds, Used in Construction of Welded Trusses for Swing Bridge. 
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Table IV—Comparison of Weight of Riveted and Welded Design. 
(Weight in Pounds) 
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Table V—Estimate of Swing Bridge (287 feet—3inches) 


2 @110 foot = 220 foot 0 inches clearance 
26 foot 0 inches Roadway -f* 2 @2 foot Sidewalks 


1 . Structural steel—5 69,780& @81/20* .-.$ 48,431.30 

2. Machinery (569780 x .12) — 68370=^ @50c ... 34,185.00 

3. Floor: I-beam-lek armored slab 

(28.17 x 287.3) x 15.5=* = 125 x .07 = 8750.00 .] 

Concrete 75c.y. @18.00 = 1350.00 . 1 10,960.00 

Handrail 574' @1.50 = 860.00 . J 

4 . Fender and piles ...-. 1,270.00 

5. Operator's house . 23,000.00 

6 . Draw rest . 30,212.00 

7. Fender round pier . 17,282.00 


$165,340.30 

Contingencies 15% . 24,801.04 

$190,141.34 


Cost 

The saving in 


of present structure—$219,275.00 
favor of using the welded trusses : 


13.3% 


The saving in favor of the welded trusses for swing bridge in place of semi-welded 

„ ~ _ $68310 — 43431 _ . „ * 

present trusses =-----= o:.r/o 

68310 —— 


*) Unit prices based on the actual competitive bidding 1940, on which the contract 
was given fcr present semi-welced trusses and estimate was done. Only unit price for 
structural steel for welded trusses w'as reduced on Yz cent per pound, because a tremen¬ 
dous amount of shop layouts, details and handling of material were eliminated. 


The direct saving in metal amounts to 189.218 lbs. or 25.5 percent. 

The saving in cost in favor of the welded trusses for swing bridge in 
place cf semi-welded present trusses equals to 33.3 percent. 

The total saving in cost of the whole structure, using welded trusses, 
imounts to 13.5 percent. 

The itemized weight calculations for the two designs are not included in 
this paper, because its volume will increase the sice of the paper without 

justification. 

But Table I has the comparative weight of each group of members sepa¬ 
rately and it is in this table clearly shown in which group the arc welding 
is mostly effective. The gusset plates and filler plates drop to 5 3 percent, the 
welds save 7C percent as against the riveting. The saving of weight of 
pivot girder and ring girder needs a special explanation: 

By inspection cf details of riveted pivot girder it is seen that a great 
amount of steel used as construction material due to riveted method is purely 
waste weight. To that waste weight belong: 


1 ) 

Filler plates under stiffener Ls: 

16 X iVs" PL X 8L 2 " X4'2" 66.7' at 54.2 lbs. 

3620 lbs. 

2) 

Filler plates under central stiffeners: 

4— IVs" PL X 26" X 4'2" 16.7 at 165.8" 

2770 lbs. 

3) 

Riveted to web stiffener Ls legs: 

56—4" X Vs" X 5'4" 298.5 at 8.5 lbs. 

2540 lbs. 

4) 

Riveted to web of flange Ls legs: 

S— 8" X 114" X 30' 240' at 30.6 lbs. 

7350 lbs. 



16280 lbs. 
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Reduced dead load on Pivot girder (780.8 k for riveted 523.2* for 
welded), requires the moment inertia of welded girder smaller and weight 
of girder reduces tremendously. Also, welded girders were effectively 
proportioned for the shear and bending stresses without loss of section due 
to rivet holes. (Compare Figs. 3 and 4). 

The same analysis applies to the ring girder. 

It is typical case in crrr-pi-risen of riveted and welded girders of big sues. 

For average sue and :he saving in favor of welded girders runs 

about 30 percent but in this case it goes up to 62.4 percent. It already shows 
the advantage of the arc welding in structural connections. 

Economic Aspect of the Welded Trusses in Bridge Construction—The 
direct saving in metal of welded trusses (25.5 percent) and the saving in cost 
(33.3 percent) cannot be discussed in this case in terms of mass production 
because this kind of bridge is used very seldom. According to the authors 
knowledge an average of only four highway swing bridges are yearly built 
in the United States of America. 

Mr. O. E. Hovey, in his “‘Movable Bridges’’, (Vol. 1, p. 40) gives data 
on swung bridges for the period of 1903 to 1923, where he says: 

‘"174 Railway and 43 highway swing bridges were built in this period by one 
manufacturer and it is believed that they fairly represent the average practice 
in the United States for the past twenty years.” 

But the same saving (minimum 20 percent) in metal due to use of the 
welding process in bridge: construction can be expected in any truss bridges 
and this fact was proved many times in the last ten years in the designs and 
actual bridge constructions. 

From that point cf view, the effort is made to approach the present prob¬ 
lems in the national scale. 

The annual volume of bridge construction in the United States of 
America obtained trom the contracts reported by the Engineering News 
Records: 


Bridges: 

1936 

1937 

1938 

1939 

1940 

1941 

Public . 

Private . 

..173.749 

. 14.067 

125.230 

7,895 

126,969 

7,664 

143,128 

7,503 

108,050 

12,101 

105,830 

5,798 


137,816 

133,125 

134,63 3 

150,631 

120,151 

111,628 

Average S 

145,270.000 

per year. 





In this 
During 
to the An. 

tarle tnree 000 emitted, and also includes all types of bridges, 
mcse years .rteel used in bridge construction, according 

eriean Institute cf Steel Construction: 

Bridges: 

1936 

1937 

1938 

1939 

1940 

1941 

Highway .... 
Rail wav . 

.526.536 

. 67.792 

420.093 

40.229 

3 59,000 
32,000 

377,000 

51,000 

392,000 

48,000 

221.000 

93,000 


594,328 

460,322 

391,000 

428,000 

440,000 

314,000 


Average 462.000 tons per year. 

J- n this table weight given in tons and includes all types of bridges. 

data in both tables omitted in deriving average sum, because this year 
aiready was affected by trie present war conditions. 

Unfortunately, no general statistics are available as to the tonnage by 
bnage types as girders, trusses, etc. 
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The author s study of the bridges built by the highway department of 
one large state from 1931 to 1942 gives the following comparison: 


Girder Bridges . 26,262,700 lbs. or 56 percent 

Truss Bridges . 20,528,000 lbs. or 44 percent 


Now using the above, shown statistics the following example is derived 
to show the possible savings in national bridge construction program as a 
result from the use of arc welding: 


Structural steel in bridge construction per year ...462,000 tons 

Structural steel in truss bridges per year —462,000 x .44 .203,280 tons 

Estimated saving due to the use of arc-welding—203,280 x .20 . 40,656 tons 

Using pre-war price for structural steel in-place—40,656 x 150 .$6,098,400 per year 


That gives 4*2 percent of saving for total amountof money spent per year 
on bridges in the United States. 

Regardless of approximations and lack of the statistics, available on the 
subject, it is evident the use of arc welding in truss bridge construction can 
save a considerable amount of money. 

Performance and Service Life—The method of construction of swing 
bridges (assembly starts from center of bridge and symetrically proceeds to 
ends) allows a free expansion of welded members and by that minimises 
lockedmp stresses; there are all chances to expect the performance of all 
welded trusses not only as satisfactory as the riveted, but better owing to 
the fact that there cannot be expected any loosened rivets under traffic, 
which are so important, especially in railway swing bridges. As was men¬ 
tioned before, the absence of rivet heads creates the smooth nice surfaces 
of members and increases the life of the bridge by the elimination of many 
“starting points” of rusting around rivet heads and considerably saves 
maintenance expenses on painting. Also reduced weight of trusses and 
machinery will yearly decrease maintenance and operation expenses. 

Social Benefits, Conclusion—Any progressive civil engineer will agree 
with the statement made by Mr. Wellington in his “The Economic Theory 
of the Location of Railways”: 

“It would be well if engineering were less generally thought of and 
even defined as the art of constructing. In a certain important sense it is 
rather the art of not constructing or to define it rudely but not inaptly, it 
is the art of doing that well with one dollar which any bungler can do 
with two after a fashion.” 

Refusing to use arc welding in steel construction in the present time of 
war, when saving of steel is so important for victory, deprives a designer 
from a rank of the civil engineer to a bungler and strips the United States 
of America of at least 20 percent of structural steel and about 25 percent 
of money spent on bridge construction. On these savings of material and 
money could be built more bridges for the defense of our country. 

Arc welded steel structures are not revolutionary but are an evolutionary 
step in steel industry and could not stop. It is an inevitable fact. For the 
benefit of the United States, for the victory of our country and allies, and 
in the future for the after-war recovery building program for the whole 
world benefit, arc welding should be used on a larger scale than it is used now. 









Chapter VI—T-Beams for Residences 

By Edward J. Slygh, 

Ccm ph e ::*Lo u ris'Lautermilch CorpChicago, III. 



Edward J. Slygh 


During four years that the author was employed in the engineering 
department of a structural steel fabricating company, one of his duties was 
to take care of the sales of fabricated steel to local customers. 

One particular group of local customers, the home builders, was con' 
tinuaily bringing in requests for what they called a T'beam, — something 
to hold up the ends of joists in a house remodeling where a partition was 
being removed and the owner had said that he wanted “no dropped beam 11 
in the ceiling of his new living room. 

When such requests came in, knowing that the standard rolled T'section 
is not strong enough to span the opening or to carry the required load, the 
policy of the department had been to furnish two angles bolted together 
and of sufficient site to carry the indicated load. 

Things went along smoothly until one day a builder came in for “one of 
those T'fceams 11 with such a loading on it that the required section for a 
15^'Q span was 2 angles 8 x 6 x %. It weighed over 1000 pounds and cost 
about $40. 

The author expected loud protestations from the builder but none were 
forthcoming as he had already warned the owner of the high cost and the 
owner had said that it would be worth whatever it cost to have his house 
the way he wanted it. 

The order was placed, the beam was fabricated, the owner was pleased, 
the builder strained his back erecting the beam, and the author had a firm 
resolve to look into the design of a T'beam using his knowledge of structural 
design, rolled shapes, and arc -welding. 

Method of Attack and Result—The problem was to select the rolled 
structural shape or combination of rolled structural shapes which would 
have, 

a) Minimum width of top flange. 

b) Wide enough bottom flange to carry wood joists on both sides 

of the vertical web. 
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The following were some of the combinations considered: 


Angles: double, back to back 


Channels: double 


T 


Remarks 

Poor distribution of 
metal. 


single and plate 


Beams: 


single WF, narrow top flange 
by cutting 

single I, with plate 

X 

T 

Not flexible enough. 

Poor distribution of 
metal. 

split WF 

T 

Not enough metal in 
top flange. 

split WF, with one bar 

T 

Good design section. 

split WF, with two bars 


Too much welding. 

split WF, with angle 


Difficult fabrication. 

split WF, with bar channel 


Too few suitable 
channel sections. 

split WF, with pipe 

~z 

Too little metal in top 
flange. 

split WF, with square 

r 

Good design section. 

split WF, with round 


Good design section. 


As the result of this study it was decided to compute the properties of 
cross section of the split WF beam with bars, squares, or rounds attached 
to the web by arc welding to form the top flange of the section. 

Design—There were four steps taken in the design of these unsyrm 
metrical sections, 

a) , properties of the cross section. 

b) , amount and distribution of weld to connect bar to split Wf beam. 

c) , work up tables for selection of proper section for various loads, spans, 

and depths of section. 

d, check bearing of wood joists on bottom flange. 

The first steps are most simply explained by referring to Fig. 1 where 
the calculations for a typical T'beam are shown. Since these calculations 
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were a bit tedious, the number of split WF beams considered at the outset 
was limited to two,—12WF25 and 14WF30 with various bars, flats and 
squares. 

It was then a matter of working up tables from which a section of T-beam 
could be selected, given the span and loading. 

Estimated Savings in Weight and Cost 1 —For the purpose of this com- 
parison we will continue to consider the section which was designed above,— 


Weight: 


2 Ls % x 14'-0l 

10 Bolts y i x 0'-2J 



Unit Wt. 

Total Wt. 

>— 


32.4 lbs. 

453 lbs. 


K 12WF25 Xl4'—0] 







1 Bar 2x^xl4'-0| 



17-6 lbs. per ft. 

246 lbs. 


72" Weld K" 

I 





Saving in Weight by arc welded design.. 


. 

-207 lbs. 




Cost 





Double Angle 



T-Beam 




Shop 



Shop 




Mark and 



Burn WF 14' @ .035 = 

-50 



Punch 12<p @ .02 

.24 


Weld 6' @ .07 = 

Fit 6' @ .06 = 

.42 



Bolt 120 @ .01 

.12 


-36 




.36 



1.28 



Burden 

-39 

.75 

Burden 

1.42 


2.70 

Material 453 lbs. @ .036 


16.20 

Material 246 lbs. @ .038 



9.30 

(Inch extras) 



(Inch extras) 




Paint 453 lbs. @ .0015 

.70 


Paint 246 lbs. @ .0015 

.40 



Draw 1.00 


Draw 

2.00 



Local delivery 1.25 

2.95 

Local delivery 

1.00 


3.40 



$19.90 1 



$15.40 

Saving in Cost by arc welded design... 


. - . - . 


... § 4.50 


As these two sections were actually fabricated in the shop for testing, 
it was possible to get a check on the actual shop cost and the percentage of 
saving in cost as shown in the following table: 


Description 

Wt. 

per 

Ft. 

Unif. 

Load 

Lbs. 

Cost (S.P.) 

% Savings 

Total 

Wt. 

Unit 

Cost 

Total 
! $ 

Wt. 

Cost 

Esti- f Double Angle. 

32.4 

7440 

453 

$4.40 

19.90 



mated\ T-Beam. 

17.6 

8290 

246 

6.25 

15.40 

46% 

23% 

["Double Angle. 




4.19 

19-10 



Actual-} T'Beam, 






| 


(incl. straightening. 




6.08 

14.95 


22% 


In order to get a true picture of the savings in both weight and cost for 
the entire range of the T'beams expected to be encountered, sections were 
designed for various spans and loadings. These two items of comparison are 
presented in the following table. 


^■In this and all following discussions of fabricator’s costs these average 
1940 figures will apply: 

Shop Labor .75c per hour 

Base Steel Price (Warehouse) .0355c per pound 
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Comparisons of Weight and Cost 



Weight 

Uniform 

Cost 

% Savings 

Description 

per 

Load 

Total 

Unit 

Total 




Foot 

Lbs. 

Weight 

Cost 

Cost 

Weight 

Cost 

2Ls x }4 x 12'-0 

/K-io w.f. 21 n , 

\ Bar-1# i # / x 12 ^ 

20.8 

4,590 

250 

$5-15 

$12.90 



13-1 

4,640 

157 

6.45 

10.10 

37% 

14% 

2 Ls 5 x 3# x 14 x 12'-0 

27.2 

6,000 

326 

4.90 

16.00 



15-1 

5,950 

181 

6.55 

11.85 

55% 

26% 

2 Ls 6x4 x ^ x 14-0 
’X~12 W.F. 25°\ _ , 4 ,_o 
t Bar-1 K x H 

24.6 

5,690 

345 

4.90 

16.90 



15-7 

5,820 

220 

6.25 

13.75 

36% 

19% 

2 Ls 6 x 4 x K * 14 r -C 

32.4 

7,440 

453 

4.40 

19.90 




n. 

8,290 

246 

6.25 

15.40 

46% 

22% 

2 Ls 7 x 4 x H x i6'-0 

r y>~\ 4 W ’F‘ 3 ° C Al6'-0 

v Sq.-l-sq. m. ) \ 

27.2 

6,600 

435 

4.50 

19.60 



! IS.4 

6,700 

294 

6.25 

18.35 

32% 

7% 

2 Ls 7 x 4 x ^ x 16'-C i 

35.8 

8,700 

573 

4.50 

25.80 



;*S-14W.F.30^ X 16 ,_c j 
Bar-2 x t j 

20.1 

9,150 

322 

5.95 

19.20 

44% 

25% 

3 

2 Ls S x 4 x^x IS'-C • 

39.2 

10,000 

706 

4.25 

30.00 



'H-i6 W.F. 40n 18 , ; 

.Bar-2 x fi >*18-0- 

25.1 

10,100 

452 

6.00 

27.00 

36% 

9% 

2 Ls S x 4 x x 16'—0 i ! 

57.4 

16,400 

920 

4.00 

36.80 



Jo-22 W.F. 40°; | 

Sc-2-sq. in. / x I6'-0 • 

33-6 

16,200 

53S 

5.45 

29.20 

41% 

i 

20% 

2 Ls S x 6 x # x 19 , -0 i 

46.0 

10,100 

S75 

4.25 

37.20 



'#-18 W.F. 47°1 i 

\ Bar-2 x H ] x 19'-0 j 

28.6 ; 

; 11,600 

543 

5.45 

29.50 

38% 

| 

20% 

2 Ls S x 6 x fd x 15 r -0 1 
[H- 14 W.F. 30 | 

67.6 I 

IS,500 

1,027 

3-95 

; 40.20 



\Sq.-2'sq. in. / x X5'~0 } 

2S.6 | 

18,100 

431 

5.60 

: 24.00 

58% 

40% 

Average = 

42% 

20% 


From a study of the variation of the percentage of savings of weight 
and cost of the arc welded T-beam over the bolted double angle beam, it 
was decided to speak of the average savings as follows: 


Saving in Weight ...35 to 50% 

Saving in Cost.10 to 25% 


Tests—At about this point in the development of the T'beam, it was 
felt that the figures indicated that there were several good features to it 
and that before proceeding further it would be wise to make up a full site 
double angle beam and a T-beam and run tests on them. 

The primary reason, of course, for the tests was to check the action of 
the T-beam under various loads. Other reasons were to check the shop 
costs and procedures. 

Fig. 2 gives information about the two tested sections such as site, 
dimensions, properties of section, loads, loading order, and the resulting 
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deflections, both calculated and actual. Photographs, Figs. 3 and 4, indicate 
the general arrangements of the tests. 

After the completion of the tests, there was no indication of failure in 
either beam as a unit or of any of its parts. 

Progress : 2 

1. X-jBeams in Air Conditioned Homes—There were two original uses 
contemplated of the T-beam,— 

a) in the remodeling of residences to permit an unbroken ceiling where 
two rooms were being made into one by the removal of a common wall parti" 
tion, 

b) in the basements of new homes to give additional head room or to 
lessen the cost 3 of the basement by decreasing the depth of excavation and 
concrete wall by the amount of depth of the beam ordinarily used under 
the bottom of the joists. 

However, more homes were now being air conditioned,—in some, this 
was only a conditioned warm air system, while in others the more elaborate 
outlay of cooling the air was included. 



Fig. 3, (left). General arrangements for tests. Fig. 4, (right). Another view of test. 

2 In checking over the actual shop costs of the second year for a confirmation of 
estimated savings in items discussed under this heading, the figures failed to show 
anything conclusive in the way of progress for the following reasons: 

a) Increase in labor and material costs. 

b) Decrease in amount of steel used in homes. 

c) Large volume of defense plant work which shunted shop attention to 

other channels. 

Frankly, even after adjustments were made for increases in labor and 
material costs, no improvement in shop costs could be noted due to quantity 
production or in other means of lowering the actual costs which certainly 
would have shown up in normal times. 

3 Example of saving in cost effected by reducing basement (25x32) 
depth 6 inches, that is, the depth of the ordinary ddnch I-beam: 

Excavation .25 X 32 X -5 -s- 27 == 15 cy @ .75^ = $11.00 

9" Concrete Wall (25 + 32) 2 X -5 = 58 sf @ .50^ = 29.00 


Total Saving 


$40.00 
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This involved sheet metal duct work and architects and builders were 
being confronted with the problem of introducing the ducts at the bottom 
of the interior wall partitions which were generally supported directly 
over basement beams. 

This arrangement required that the T-beam section be held to a depth 
which would permit the passage of the duct between the top flange of the 
beam and the underside of the sub-flooring. 

In the design of this section, then, with the overall depth kept constant, 
the T section of the beam became something less than the full x /2 WF and 
there arose the need for some convenient form of arriving at the properties 
of this section for various depths. This need was met by graphs which 
were worked up for some of the more frequently used beams. 

Using values obtained from these curves, the properties of the combined 
sections were calculated and from this information series of constant depth 
T'beams were designed. 

Taking for example, the l /l 12WF25 and bar 2x%, good for 110,000 
pounds uniform load on one foot span, we And that the top flange of the 
constant depth beam should be increased to a bar site of 2x1 to carry 
approximately the same load. This will add 1.7 pounds per foot to the 
weight of the beam. It will be noted, though, that this weight is not pro- 
hibitive and that the speed decreases in the lighter sections. 

However, the cost will be greater due to the added weight, slightly 
heavier welding, and the additional burning cost in the splitting of the beam 
sections. Therefore, a comparative study was made of the weight and cost 
on a lineal foot basis of the T-beams using V 2 WF, Pc WF, and the bolted 
double angle beam. 

2. Continuous Beams—After builders had been buying T-b earns for 
several months and had become more familiar with its use, it was suggested 
that continuous beams be used in the basement. 

Generally there were two beams required here, spanning the shorter 
dimension of the basement, near the center of the house and providing a 
base for the main stair framing. 

Sometimes each of these beams was supported on one column and other 
times on two columns. In the latter case in the design of the section it was 
possible, due to continuity to reduce the section somewhat, from }/§ W1 to 
Ho Wl. (Not to H.2 Wl because of the fact that the beams were only 
simply supported at the wall- reactions). 

At any rate, this was only a small consideration in comparison to the 
improvement in both the shop and field due to handling longer lengths. 

In the shop there were only two finished pieces to handle compared to 
four or six and apparently there was no great difficulty experienced in 
handling the longer lengths. 

In the field, since these basement T-beams were used a little above 
grade, the continuous beams could be slipped off the delivery truck and into 
the approximate location on the building foundation, thereby saving some 
erection expense. In addition it -was felt that the continuous beams afforded 
a stronger and more rigid base on which to construct the interior house 
framing. See Figs. 5 and 6 for photographs of these beams in the shop 
and field. 

3* Stock Lengths—As further progress in shop fabrication, T-beams of 
the most called-for sections are now made up in stock lengths of 40 and 60 
foot lengths. 
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This procedure makes the T-beam a more desirable item for the shop 
because it enables them to use the fabrication of these stock lengths for 
filbin when the volume of work in the welding department is low. 

Shop fabrication of stock lengths of T-beams not only improves the 
chances of reduction of shop cost but also permits quicker delivery of a 
relatively highly fabricated product. 

Conclusion —a) The proportionate savings in percentage of the T-beam 
compared to the double angle beam is,— 

Weight .35 to 50 Percent 

Cost .-.-.-.10 to 25 Per cent 

b) The annual gross savings to the home building industry 4 by use of 
the T-beam in all units built in a year would be,— 

Home Remodelings . $ 800,000 

New Homes, under $7,000 . 6,860,000 

New Homes, over $7,000 . 550,000 


Total Annual Gross Saving. $8,210,000 5 


1940 1941 Annual Average 

*New homes, under $7,000...*203,000 *287,000 245,000 Units 

New homes, over $7,000. *46,000 *59,000 52,500Units 

Total Annual Average.....297,500 Units 

Remodeling, using T-beams (297,500 X 60% Estimated).178,500 Units 

(♦These approximate figures are based on information furnished by the F. W. Dodge 
Corporation). 

5 Home Remodelings — No. of units, 178,500 @ $ 4.50 == $ 803,250 
Comparison 

2 Ls 6X4XV 2 — 32.4#/ftX14'=453#@$4.40= 19.90 
y 2 12WF25 ) 

Bar 2 X 3 A ) — 17.6#/ftX 14'=246#@ 6.25= 15.40 


Saving per Unit.$ 4.50 

New Homes, under $7,000 — No. of units, 245,000 @ $28.00 = $6,860,000 
Comparison, Home 25 X 32, one beam 32'-0". 

Save 6 " of basement (See Sub-note 3).-.$40.00 

0/2 WF) 

T-beam 15.9#/ftX 32'=510#@$6.00= 30.60 

Std. 6" I.12.5#/ftX32'==400#@ 4.70=18.60 —12.00 


Saving per Unit.$28.00 


New Homes, over $7,000 — No. of units, 52,500 @ $10.50 = $ 551,250 


Comparison, Home 30 X 40, two beams 3 O'—0". 

JL-beam 32.4#/ftX60 , = 1950#@$4.40 = $86.00 

(Pc WF) ^ 

T-beam 19.3^b/ftX60'=l 160#@ 6.50 = 75.50 

Saving per Unit._$ 10.50 
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c) Some advantages which derive from the use of the Tdbearn are, 


To Whom 

Feature 
of T-Beam 

Manner of 

Nation ] 

Light weight 

Conserves natural resources. 

Industry 

Labor 

Greater amount 
of labor. 

Gives more employment. 

Manufacturers 

Splitting W.F. 

. Welding T-Beam 

Increases use of oxy'acetylene burning equipment. 
Increases use of arc welding equipment. 

Fabricator 

High unit price 
with less steel. 
Light weight 

Fills special need. 

Allows fabricator more profit. 

Saves handling time and equipment. 

Stimulates sales to regular customers. 

Brings in new customers. 

Architects 

Special shape 

Gives unobstructed basement ceiling. 

Accommodates air conditioning ducts. 

Bunders 

Less framing depth : 
Special shape 

; Reduces depth of basement excavation and wall. 

■ Permits unobstructed ceilings in remodeled hemes. 

Heme Owners 

Lower cost 
Strength 

Saving in total cost of home. 

Mere efficient use of steel framing. 

Designer cf T'beam 

Development cf 
an icea 

Experience of selling an idea to, 

(a) Management of fabricating company, 
ib) Architects, builders, and owners. 


Development cf 
T'beam 

Assisted author in securing a position offering greater 
opportunities with another employer. 


d) Finally—In thinking through the advantages that accrue from a 
simple arc welded beam used in homes, one comes to the realisation of the 
positive forces from which arc welding derives its potential for making a 
better world in which to live. 

Arc welding not only conserves national resources and affords labor 
more employment, all at a less cost to the ultimate consumer but it also 
contributes to the development of those people who work with it, who study 
it, and who try' to understand it. 



Fig. 5* (left). Shop view of T-becnns. Fig. 8, (right). Field view of T-beam. 













Chapter VII—Steel Framing for Residences 


By S. R. McKay, 

McKay Engineering Company , Cleveland, Ohio . 



Subject Matter: Design analysis based on a residence, said to be 
the first all welded steel framehouse. Two ideas are presented: 
(1), a clip connection designed to make a permanent field con" 
nection; (2), a wedge connection between column and beam. 


S. R. McKay * 

This paper describes and analyses the construction of a 100 per cent all 
welded, structural steel frame for buildings of all designs including homes. 
The scope of this paper will be an attempt to present the practical side and 
not the technical science of welding. 

Outgrowth of the Skyscraper-—As everyone knows, the rigid steel frame 
which made the modern skyscraper a possibility, was originated more than a 
half century ago, but the universal tendency of the human minds to run in 
grooves and to think of things only from one point of view, delayed the 
application of steel framing to smaller buildings. Architects, builders and 
home owners kept thinking of steel framing as a construction very desirable 
on many"Storied buildings. As so often happens, once the new method is 
applied, everyone asks, "Why didn't we think of this before?” 

The First Real Advance in Home Building Methods in Hundreds of 
Years—In 1902 America’s first large steebframed office structure, the Flatiron 
Building in New York City, opened a new era in American Building design. 
The skyscraper became a reality. 

Most of us know that the field of residence construction has failed to 
keep pace with the rapid progress in the commercial field. Yet all the time 
the logical and practical advantages of low cost, all welded, steel framework 
for homes were only waiting for someone to see and apply. Now, with our 
improved structural steel, all welded, steel framing, the first real advance 
in home building methods in hundreds of years has been made. 

Engineering in Home Construction—If the manufacturers of automobiles 
had not brought steel into the framework of the modem car, there is little 
possibility that the average American could afford one. Wliat was once 
called a luxury, is now almost a necessity- By the use of accurate steel fram." 
ing, it was possible to detail and fabricate all the parts that go into the car. 
Every piece of material that goes into the car is fastened to the frame, directly 
or indirectly. 

Production Units—Steel framing in a home, as in an automobile, makes 
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Fig-. I. Erection clip. 

it possible to prefabricate all the parts that go into the home. Engineering 
science is the answer to reducing the cost of home construction, and this 
is possible only through the use of a rigid and accurate structural steel frame¬ 
work, that can be erected with a hammer having no bolts or rivets. 

Fifteen Years of Research Work—For the past 15 years there has been 
much interest, study and development of steel framing for residence con¬ 
struction. When the idea was first brought to the attention of the public 
by the designer and inventor of the steel framing and systems, the idea was 
scoffed at as being “visionary” and “ridiculous”. 
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The United States Steel Corporation made a survey of steel framing anc 
construction systems. Nearly one hundred different types of construction 
were studied. At the completion of their survey in June, 1932, 56 designs 
were published in a book for circulation within the Corporation, including 
the R. R. Schwarts House, The Colorado Fuel and Iron Co. house, and the 
Steel-bilt Homes, Inc. houses, all licensed under pending and grantee 
patents. 

A book was published later for the public entitled “ Steel Framing foi 
Small Residences.” The R. R. Schwarts residence designed by the author 
was chosen as an illustrative example and given 14 pages of discussion. Steel 
tables were set up based on our design. This system has been developed intc 
commercial building of all kinds. The Schwarts residence was the first all 
welded house. 

To quote Roger Babson, “Two industries are one of our greatest hopes 
for solving the unemployment question. The industrial revolution has 
given America her standard of living. I am convinced that even greater 
progress lies ahead. Prefabrication will some day force building to drop its 
medieval “hammer and saw” customs but so far results have been disappoint' 
ing. The poor comparison of a hand-made $10,000 house with a factory' 
made $1,000 automobile means prefabrication will win”. 

To quote President Roosevelt, “It is estimated that an average of 600,00C 
to 800,000 dwelling units ought to be built annually over the next five years 
to overcome the accumulated shortage. If the building industry is to play 
the vital part that it ought to have in our economic system, it must do it in 
the characteristic American way. It must develop, as other great industries 
have developed the American genius for efficient and economical large-scale 
production”. 

Relief or Jobs —If we are not to be burdened with a relief problem, new 
industries must be financed and will prove an attractive investment. The 
United States census for 1930 shows that there were boys between the ages 
of 15 to 17 years old, numbering 24,366 in Cleveland, and 28,098 in Cleve¬ 
land’s four suburbs, making a total of 54,484 boys who probably graduate 
from school or quit school to go to work, plus boys graduating from college. 
Each year we will have the same situation. Two things can happen, they get 
jobs or else—. Relief is the only other answer. It is new ideas that will 
provide the necessary jobs. 

Where Are We to Find Tradesmen? —The production units will solve 
this problem. 

Unions have been working on the policy of “No apprentices and we car 
demand higher wages”. In ten years death has taken young and old mem¬ 
bers of the union. Then again, many have found employment in other fields 
For the past two years, we have felt the shortage of men in Cleveland. The 
time required to train an apprentice is four years. 

The Cleveland Union Membership 


Carpenters’ Union .1928 — 6,000 1938 — 4,000 

Bricklayers’ Union .1928 — 2,200 1938— 1,100 


Past Experience in Building Construction —Records of Cleveland Buildin; 
Construction show that there were times when we were compelled to pa; 
as high as twenty cents per hour over Union scales to get men. All w< 
were doing in those days, was robbing Peter to pay Paul. Building cost 
rose so high that people would not build. Naturally, causing a depression 
in the building industry. All welded framing and production units are th 
answer to solve our labor problem. 
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Union Scale Comparison in Field and at Shop 


Field Shop 

Carpenters .$1.37^/3 60 to 80c 

Iron Workers . 1.62J/2 60 to 93c 

Painters . 1.50 6^0 

Metal Workers . 1.37j/2 60 to 80c 

Common Labor ...90 40 to 65c 


The Economies of Production Units—It should be remembered that the 
production units produced by machinery and in large quantities would result 
in a very much greater saving than that shown in the above comparison of 
shop and held costs. It should also be noted that due to large quantity and 
machinery production, there also would be a very great saving in the pur¬ 
chasing of materials. 

Speed of Construction—This increased proportion of shop work done, 
obviously will reduce the labor and cost on the job. Under existing building 
methods, at least three months time is required to complete a house. It is 
estimated that a production home should be completed in one month. 

Gold Mine of Wages—The richest gold field in the world is that of South 
Africa. During its productive life-time, it has so far produced a total value 
in gold of approximately seven billions of dollars. 

When the automotive pioneers—Ford, Leland, Briscoe, Durant and 
others—first discovered gold on the plains of Michigan, there was not a 
dollar's worth of employment or of wages available in the industry. It 
started from scratch. Since 1900 and including 1937, there has come from 
that mGdest little discovery a golden flow of wages aggregating the stupendu- 
ous sum of 84 billions of dollars! Wages directly traceable to the automobile 
to say nothing of dividends paid stock-holders. 

There is, today, a greater gold mine of wages to develop and that is the 
production of homes. 

Engineering science that has given the automobile great success will do 
the same fm home construction. 

A detailed survey recently made by a trade research committee drawn 
from Subsidiary Companies of United States Steel Corporation for the 
purpose of investigating the potential demand for steel in residence con¬ 
struction was completed in 1932. Nearly 100 different systems of construc¬ 
tion were stuuicu. A number of residences built in accordance with these 
systems were inspected by representatives of the committee. 

The following detailed analysis is based upon a study of the design of 
the R. R. Schwarts residence. This particular residence was selected as the 
illustrative example for three reasons: 

1, sufficient information was available upon which to predicate a design. 

2, the structure received nation-wide publicity while it was being erected. 

3, it is reported to have given satisfactory results. 

Stud Analysis—The typical studs were American Standard Channel 
Sections, 3 inches deep, weighing 4.1 pounds per foot. 

d = 3" b = 1.41" t = 0.17" Area 1.19 Sq. In. 


Properties 

1 

5 

r 

Vfaior 1-1. 

Minor 2-2. 

-.. 

::::::::: 

— 

1.60 

0.20 

1.10 

0.21 

1.17 

0.41 


Longest studs are 10 ft. long. 1 = 120 in. 
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Fig. 2. Wedge-weld steel frame. 

While the partial fixity at ends due to welding is advantageous its effect is 
too elusive to warrant any allowance. The strut is, therefore, assumed to 
have both ends free. It is good practice to use the greatest length as a 
criterion for designing all typical studs. 

Major Axis ~' = 102.5 

Using A. I. S. C. formula: Working stress = 11.4 kips per sq. in. Using 
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Ruler formula: Ultimate Stress 
Safety = = 2.35 


t 2 Er 2 
l 2 


26.7 kips per sq. in. Factor of 


As beams to resist direct wind load, 3'inch channels 4 feet apart, are evidently 
more than adequate. 


Minor Axis — = 293. The handbooks rive no value for a ratio of slenderness 

as great as this. Ruler’s formula is, therefore, employed. 

Ruler formula. Ultimate stress = 3.33 kips per sq. in. 

This is the maximum allowable stress on the unbraced section, that is, during 
construction. 

To determine at what intervals (1) the section should be braced so that its 
minor will equal its major strength. 


Minor Length = Major Length X = 120 X 42 ins. 

r i 1.17 

In view of the fact that the usual methods of anchorage may not produce 
absolute rigidity, it seems desirable to reduce the intervals between braces to 
not over 21 inches. 


The following loads per square foot of surface were used in checking 
the adequacy of the design. 

Vertical live loads 

Floors — 40 lb. Roof 29 lb. (inch wind component) 

Dead Weight of Materials 

As obtained from plans. Some changes therefrom were made in actual 


construction. 

Floors 

Steel, 12.5-4-4. 3 lb. 

2" Hollow furred tile. 10 

2 coats piaster . 6 

2" X 4" pine, 16" centers.... 2 

lH r/ Wood, sub-and 

finished 4 


25 lb. 

(Subsequently changed to 2" Hay¬ 


dite Concrete) 

"Walls 

Steel . 2 

4" Brick Veneer _ 19 

2" Furred Tile_ 10 

3 Coats Plaster_ 9 


Roof 

Steel . 3.01b. 

2" X 8" pine 

24" centers . 2.4 

Vs” wood sheathing. 2.6 

Shingles . 3.0 

illb. 

4" Partitions 

4" Hollow r Tile. 15 

2 Coats Plaster, each side.... 10 

25 lb. 

2" Partition 20 lb. 

6" Partition 30 lb. 


401b. 

Studs during construction 

Provided a straight 3 inch rolled channel section, used as a wall stud, is 
not over 10 feet long, it may be subjected, prior to anchorage to a working 
stress of not more than 1.42 kips per square in. This evidently means that 
no nlling material should be placed between or on the floor joists in any floor 
supported by the stud until after the anchorage material has reached that 
floor. 














SECTION V—STRUCTURAL 


441 


Check Critical stud occurs in First Story on Front Elevation next to right 
corner. Panel equivalent — 5 feet. Floor span =15 feet. Tributary 
Floor and Roof area = 5 x 7 V 2 = 37.5 square feet. 

Weight of steel door and roof framing = 3 (37.5 X 3) = 0.34 kips 
Assumed Accidental Load ...= 1 .00 


Total Constructed Load...1.34 Kips 

An unbraced 3" channel is safe for 

1.42 X 1.19 = 1.7 kips 

Therefore the unbraced stud will safely carry the steel framework. 

Studs in Completed Structure—The same stud, with both flanges securely 
anchored to adequate adjacent material at least every 21 inches, may be 
subjected to a total stress, after construction is completed, of 11.4 kips per 
square inch. 

Check: Tributary Floor and roof areas = 37.5 sq. ft. 

Tributary 2nd floor wall area = 40.0 sq. ft. 


Completed floor and roof load •= 4.9 kips 

Completed Wall Load =2.8 kips 

Total completed load.7.7 Kips 

3 " X 4.1# Channel is safe for 

11.4 X 1.19 = 13.6 kips 

Therefore the braced channel will safely carry the loaded structure. 


Critical joist in first floor is 5 feet from rear end of living room. 

Span = 15 '- 3 ". Average panel 4 / -6' / . Tributary area 69 sq. ft. 

Allowable deflection due to live load = 1/360 span =0.51 inch. 

Dead load + live load = 1.725 X 2.760 = 4.485 kips, uniformly distributed. 

Bending Moment — = 102.5 inch kips 

o 

A 6 -inch x 12 . 5 -pound I-Beam was used: 5 i = 7.3 li = 21.8 

Wl 3 

Deflection due to dead load = „ nA X „ - = 0.217 in. 

384 E 1 

Deflection due to live load, 0.347 in. 

The live load deflection is therefore within the limit allowed. Fibre stress 
due to total load = = 14.1 kips per sq. in. 

01 

Girts—The functions of a girt are: 

(a) To tie together the ends of the studs. 

(b) To provide a bearing seat for the ends of the floor joists or, in the 
case of an eaves plate, for the ends of the rafters. 

(c) To transfer the loads from the joists or rafters to the adjacent studs. _ 

(d) To act as struts to withstand the pull of the diagonal members of 
the sway bracing system. 

In order to provide for these functions in steel framing, the following 
notes may be helpful. 

(a) It has been found that any member adequate to fulfill its other func¬ 
tions will form a suitable tie section. In order to provide a convenient detail 
for receiving the ends of the connecting members, it should preferably have 
an available horizontal surface. 

(b) It is usual to space such joists or rafters so as to come either above. 
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or within a few inches of, the corresponding stud. With this arrangement the 
bending moment on the girt is negligible. When, however, the respective 
members are not adjacent (as over a door or window opening), the bending 
must be provided for. This may be done either by the use of a special 
stronger section or by the insertion of an additional girt section under the 
regular one. 

In all cases the web of the hrst girt should be dimensioned by the usual 
rules to resist buckling due to the maximum vertical shear. 

(d) The critical case in a 2-story residence usually occurs at the second 
floor girts. Here each girt is usually braced in both planes by the connecting 
joists and studs. It is desirable, however, to transmit the force of the 
wind on a typical tributary area, and to see that the girt is adequate to trans¬ 
mit it. 

Note: The complicated roof framing, caused by the architectural require¬ 
ment that the roof cut through the second floor ceiling was easily handled by 
welding. The frame consists of standard rolled steel shapes, cut accurately to 
length at the Carnegie Steel Co. warehouse and assembled at the site by 
three steel workers, the connections made with a Lincoln portable arc 
welding machine. 

This construction proved to be very costly and only one house was built 
by all held welding. The method was not practical for the following reasons: 

(1) Vibration of framing due to the iron workers moving steel, welder 
'always making contact with the steel. 

(2) Too much scaffolding was required. 

(3) Very difficult to line up and plumb. 

The design of steel framing we have never changed, only the method 
of welding. 


Fig. 1, Clip Connections 

(c) Supporting Lugs—made up with l / 2 'inch plates welded together 
having four— 13 -i 6 -inch holes punched in upper plate. 

(d) Supporting angle lugs with two— 1 % 6 -inch holes punched in one 
flange. 

These lugs support the live and dead loads. Welding must be figured out 
according to the load. 

(e) y 2 x 4 x 12-inch steel plate four— 1 % 6 -inch holes welded to upper 
and lower flanges of girder beam. 

(f) Va x ** x Tinch steel plate two— 1 % 6'inch holes welded to upper and 
lower flanges of Purlin beam. 

(a-c) Are clips made from %-inch half round, formed to the shape of 
a U. These clips go through holes in c, e, d and f and are part over 
the top of e and f. 

Clip a and b must be held tight under c and d before bending friction 
grip will be^ obtained. We have found from experience that this framing is 
more rigid than any bolted job and much quicker in erecting. 

Base Plates—% x 12 x 12 steel plates are welded to the bottom of column 
forming a base plate !4 x 12 x 12 steel plate bed over anchor bolts on foot¬ 
ing. If care is taken to have these plates leveled right, framing should plumb 
and line itself. 

All commercial job framing should receive about 10 per cent field welding 
after erection. 

This clip method has worked out very satisfactorily on homes and build- 
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iflcrs such as: theatres, churches, factories and buildings which we have 
erected. With this design it is possible to even bolt the job if desired. Field 
welding would not be needed. 

Many of our lighter framing jobs had no field welding. The only load 
the clip takes would be the wind pressure. Clips give the framing the 
rigidity required. 

Wedge-Weld Steel Framing—Fig. 2 is our latest design. 

This design is somewhat like the design of a bed illustrated in F’ig. 2. 
Design consists of the following members. 

(a) Are 2— 54 x 1 x J/s angles—welded to flanges of columns. 

(b) Are 2— 54 xlx/s angles welded to web of columns. 

These angles are welded to the shape of a “VA We would recommend 
a continuous weld on the outside of angles. 

(c) Supporting lugs made up with y 2 'inch plates welded together as 
shown before erection. These lugs support the live and dead loads, having 
a continuous weld on two sides. C on the flanges of columns. 

(d) Support the Purlin beam load and are welded to the welt of column 
these lugs are J4 x 3x4 angles. Welding to be figured for the load required. 

(e) 2 angles 54"inch x Z 1 /^ inches x 6 inches. The Z l / 2 inch flanges to be 
cut the same tapper as the 54'inch x Pinch x J/s finch angles, marked A. 

These angles are welded to Girder Beam—welding figured according to 
load. Welding on all the above members can be shop or field welding. 
Care must be taken to get accuracy for a rigid framing. 

After erection the framing to receive 5 to 10 per cent more field welding, 
field welding must be done after framing has been lined up and plumbed. 
No i?c“;To:dir.g will be required with this design. 

We do not propose to set up a chart for the size of welds equivalent in 
shearing' strength to rivets of various diameters. We do not believe in 
sacrificing the appearance of a job to save a few welding rods. A continuous 
welded job while it might take more welding rods always has the appearance 
af being a better construction, and will have a greater factor of safety. 

Comparison of Welded Construction with Riveted Equivalent—In at¬ 
tempting to substitute by comparisons with the riveted construction, the 
advantages to be obtained by using welded construction, it must be said in 
some instances it is going to be quite difficult to give definite conclusions as 
to the saving in cost resulting from its adoption. However, it is believed 
that there will be presented enough definite proof supported with actual 
hgures that will be substantiated conclusively the advantages resulting from 
the use of welding. 

Weight—The design shown in Figs. 1 and 2, if fabricated, with riveted or 
bolted connections, the difference in weight of steel would not vary any. 
Some engineers might figure by having welded connection that they could 
reduce the weight of the actual structural steel members. To our way of 
thinking this would not be good practice. Steel should be figured as if the 
framing were going to have the old type riveted or bolted connections. 

Fabrication—The advantage of the welded job would be that the fabri¬ 
cation could be done on the job in the field. 

. Small Fabricators —It is possible on factory buildings where they have 
extra ground space where welding could be done in the field to purchase 
the steel cut to length direct from the steel mill. We herewith present a 
schedule of cost for cutting steel at the mill. 
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Cutting Extras 

Friction Saw Cutting Structural Shapes 

Beams, Channels, Tees, Zees 3" and over and Angles over 6" either leg. 
Angles &' leg and under—See Shearing Schedule. 

Length 5' and over, no charge for cutting. 

Minimum Charge 35 <p per item of one length and one she. 


Pounds Under 

Per Lineal 5 ft. long 

Foot Per Cut 


Under 10 lbs.$0.07 

10.0 to under 17.5 ..10 

17.5 to under 30.0 .15 

30.0 to under 45.0 .20 

45.0 to under 65.0 .25 

65.0 to under 90.0 .30 

90.0 and over.35 


Any section over 10-inch flange—where cut to under 5'inches long_ 

Price on application. 


Shearing Charges—Legs of Angles 


Set-up charge . 

Per cut for each leg of each angle 


10 Ft. 
and Less 


Over 
10 Ft. to 
20 Ft. 


Over 
20 Ft. to 
30 Ft. 

$1.00 net 
.75 


$1.00 net $1.00 net 
.25 .50 


Acd to the above, the regular length cutting extras. Charge gross 
weight. 

The leg shearing operation is done before cutting to length. Thus 2 
angles^ feet long would be subject to only one 25 cent leg shearing extra 
since this operation would be preformed on a 10 foot angle. 

You will note the mill makes no charge for cutting of steel over 5 feet 
in length. The minus and plus tolerances required by the mill for cutting 
will work out satisfactorily for welding. With this method small welding 
fabricators could enter this held. 

Painting On all steel frame welded jobs painting would have to be done 
in the field. It is not good practice to try to do any welding on steel that is 
painted. 

Potential Demand—Quoting U. S. Steel, the potential demand in the 
United States for one and two family residences is 300,000 per year. In this 
survey 16 systems of steel construction are described. For the purpose of 
estimating quantities or material required, the average residence is assumed 
to contain six rooms. 

(a) , average steel required for economical Framing would be lJ /4 tons 
per room, totaling 2,250,000 tons per year, mostly in the form of small 
rolled shapes. 

(b) , there is a growing demand for steel framed residences of individual 
design. 

s avera g£ steel required for covering all surfaces except floors would 
be % ton per room, totaling 1,350,000 tons per year, mostly in the form of 
sheets or strip. 
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(d), no important domestic demand has yet developed for residences 
entirely covered with steel. 

The present field for the multiple production of identical factory manu¬ 
factured residences is believed to be comparatively small. This conclusion 
differs from that of others who advocate the factory-built home. 

No proprietary system of construction, having sufficient merit to be 
considered ideal, has yet been developed, but it is possible that a satisfactory 
unit system may be evolved by its many investigators. 

The most satisfactory framing systems that have been encountered are 
non-proprietary ones which utilise ordinary rolled steel shapes. 

(a) The most promising method of fostering the demand for steel-framed 
residences is to encourage many architects, builders, and owners to apply the 
rolled shapes now available to their individual designs. 

(b) In order to facilitate the use of steel in the framing of residences, it 
is recommended that a booklet be prepared and widely distributed, contain¬ 
ing information as to the proper use of steel for this purpose. 

Extent of Market —It has been estimated by other investigators that, 
assuming an average of five persons per family, there are 24 million homes 
(single or multiple) in the United States. Based on replacing two percent 
of these annually, and allowing for new construction to accommodate the 
increase in population, the total requirements were estimated to be 780,000 
homes a year. In view of the considerable number of people living in apart¬ 
ments and hotels, these investigators reduced this figure to 300,000 new 
houses per year. 

In order to determine whether this estimate should be accepted for the 
purpose of the present survey, the field has been re-analysed from a some¬ 
what different standpoint. 

Reports compiled by the Dodge Statistical Service and by the United 
States Department of Labor, covering the number of one and two family 
residences built in the 37 states east of the Rocky Mountains, are as follows: 


Number of Dwellings Built Annually 


Year 

Costing 

$5,000—$10,000 

Costing 
$10,000 
and over 

Totals— 

Dodge 

1 & 2 Family Houses 

U. S. Department 
of Labor 

1926 . 

. 127,768 

31,379 

159,147 

230.493 

1927 . 

. 132,803 

33,173 

165,976 

189,495 

1928 . 

. 148,625 

36,822 

185.447 

165,265 

1929 . 

. 112,926 

27,655 

140,581 

117,688 

1930 . 

. 75,057 

17,188 

89,245 

68,843 

1931 . 

. 65,705 

13,754 

79,459 

60,439 

Average .. 

.$110,481 

26,662 

136,643 

$138,704 

U. S. Department of Labor figures are permits issued in 311 cities having a population 
of 25,000 or over. Total population of these cities—47,091,551. 


If the average of the totals (Dodge) be prorated to include construction 
in the remaining 11 states, the total indicated is 15" 1,673. 

At the present time, the population of the United States is approximately 
40 percent rural and 60 percent urban. The trend indicates that an increas¬ 
ing proportion of the population is being concentrated in cities. While all 
of the rural population live in private dwellings, only about two-thirds of 
those living in cities are assumed to occupy individual homes. 
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The Dodge total does not include residences in rural districts where the 
Dodge Company maintains a reporting service, nor does it include any resi¬ 
dences costing less than $5,000. It would appear reasonable to estimate 
100,000 such dwellings, which would make a total of approximately 250,000 
houses per year. This may be taken to represent the present annual growth 
of population. The previous estimate of 300,000 houses per year may. there¬ 
fore, be accepted as approximately representing potential demand in the 
near future. 

Social Advantage—Homes and buildings of better construction at lower 
cost than the present construction, saving the Owner the first initial cost, has 
a social advantage. 

These homes and buildings will have a greater resale value even though 
they stand for a hundred years. 

The city dweller is safer from lightning than the country dweller, both 
because of the steel buildings and because of the network of electric power, 
light and communication wires with their lightning arresters and other 
grounded conductors. Of 749 fires by lightning reported in Iowa for a five 
year period, only 153 occurred in towns. The remaining 596 were farm 
dwellings and barns. Nine out of ten of these buildings burned were not 
protected by lightning rods. Most of the deaths from lightning, and about 
600 per year is the toll for the United States and for Canada—occur in the 
open country. 

Only a few years ago lightning was one of the most serious menaces 
to oil fields and tanks where petroleum and gasoline are stored, but today 
protective overhead systems conduct the incendiary bolts harmlessly into the 
ground. Perhaps it is not too much to expect that some day the forests— 
the most numerous victims of lightning—will be effectively protected 
against this greatest of all sources of forest fires. 

Fire Hazard—The protection of important framing members against fire 
is always desirable. The same need does not necessarily apply to secondary 
parts. In seme attempts to render residences fireproof, concrete and steel 
have been used to the total exclusion of wood, even for roof framing and 
trim. When considering the fire-resistive ability of any dwelling, the hazard 
should be correctly appraised, otherwise a construction is apt to be used 
whose advantages may be hardly commensurate with its cost. 

As an indication of the attitude of fire underwriters toward fire resistive 
houses, the following table gives the average firm insurance rate for city 
dwellings in Cook County, Illinois, as of January 1931: 

Rate per Year 


Per $100 

Type, of Construction Valuation 

Wood frame with wood covering... $0.40 

Wood frame with brick veneer.... 0.20 

Semi-fireproof .... 0.10 

Wholly fireproof ..... 0.06 


Of all residence fires nearly 15 per cent start on the outside of the roof, 
and 70 per cent below the first floor. (Basement walls are always fireproof). 
Non-combustible roofing and a fire-resistive first floor construction will 
therefore remove approximately 85 per cent of the hazard. 

If the greater part of the structure itself is non-inflammable the contents 
of the rooms are the only combustibles that can be consumed. In residences 
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the combustible contents are of limited value and the increasing use of steel 
furniture should make the fire risk still less. 

Depreciation —Banks and loan companies never knew how poorly homes 
were constructed until they were compelled to foreclose on so many homes. 
During the depression they had found that these homes had a greater 
depreciation value than they had expected to find. Homes constructed with 
steel framing and fire-proof materials will have little or no depreciation. The 
banks and saving loan companies have always given us a greater appraisal 
value than they would on the wood constructed homes. In other words, they 
have granted larger loans. 

Insulated Homes—Many people have sacrificed fire protection for insula- 
tion. While there are other insulating materials on the market that are 
fire-proof insulating materials and cost no more than what they are using 
today. 

The reason that these fire-proof materials have not been used with wood 
construction is due to the fact that wood framing would not support their 
weight, with steel framing it is possible to use them, as the steel can be figured 
to carry any load. 

Comparative Cost of Riveting and Welding—Estimated cost of our 
Wedge-weld connection, Fig. 2, and rivet construction: 

Riveting Construction 

Riveting shop and field work—labor...35$ per rivet $5.60 


16—% Rivets @ 1 %$.....28 

Steel 20—@ 2 1 / 2 $.>0 

Punched holes—28 @ 5$. 1.40 

$7.78 

Welding on Wedge-Weld Construction 

Labor on Welding @ $1.00 per hour. 1.00 

12 Rods—@ 6 1 / 2 $.78 

Steel—32# @ 2 1 / 2 $.SO 


$2.58 

$5.20 saving over a rivet job. No erection, painting overhead, insurance 
or taxes are figured in the above. Erection cost should be about $10 a ton. 

The above estimate has been based on one connection on girders and 
two connections on Purlin beams. 

Building 43'4 X 101'4 

We shall take for example a factory building of the above size of steel 
framing and masonry walls, live and dead load figured at 50 pound roof 
construction timber. The clear span of a 24" X 9" @ 74 pound girder beam 


42'0 span, 5 bays @ 20'0 span. 

On this job we would have the following steel: 

6 pcs. 24" X 9" @ 74# 42'0 long weight. 186.48# 

12 pcs. C.B. Columns &/ 2 X 8 @ 24# X 16'0. 46.08# 

10 pcs. Purlin Beams 10" C.B. @ 21# X 20'0- 42.00# 


Total Weight.—.-.-. 274.56# 

Sheet cost per pound. 


$686.40 
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Rivet Connection 

Steel . $686.40 

12 pcs. Girder a? Purlin Beams Connection @ 7.78. 93.36 

Erection cost at 1c per pound...-. 274.56 

$1054.32 

Wedge—Weld Connections 

Steel .$686.40 

12 pcs. Girder c? Purlin Beams connection @ 2.58. 30.96 

Erection cost per pound.. 205.92 


$923.28 

Welding will show a saving of $131.04. We have not included any 
bracing angles, lintels, painting, insurance, or profit. 









Chapter VIII—Arc Welding and Modem Steel Houses 
By Lawrence C. Blazey and George B. Rogers 

Secretary, Designers for Industry, Cleveland, Ohio, and General Contractor, 
La\ewood, Ohio, respectively. 



Lawrence C. Blazey 


Subject Matter: An attempt to remove the bad reputation and 
high cost of previous experimental steel fabricated houses by 
using a panel which has been employed for 10 years in commen 
cial buildings. In order to reduce erection costs, the bolt and 
nut technique was replaced by arc welding. Flexibility and speed 
of arc welding methods were the principal factors in helping to 
reduce the erection costs. 


The product discussed in this paper is a prefabricated structural panel 
which, for the past ten years or more, has been manufactured for use in 
various types of structures, such as: gasoline stations, commercial buildings, 
and residences. 

During this time, I formulated many ideas which, about four years ago, 
resulted in my starting the design of steel houses. 

It was only natural that I should apply these new principles to residence 
construction. I immediately set about to find ways and means of designing 
a steel house that would take advantage of the most recent engineering im- 
provements and technical applications of various new materials and processes 
so as to make a steel house as interesting, artistic, and as practical as possible. 
We endeavored to rectify the bad reputation that previous attempts at erect- 
ing steel houses have created. To live down some of these bad experiments 
was a challenge to us which we were confident of overcoming. Naturally, 
the problem of cost was a prime requisite although, from our past experience, 
we had gained knowledge of erection short cuts. We were sure that there 
were still greater improvements that could be made. 

A house is a much different problem from a commercial building, in that 
it must have a warm, receptive quality and, although designed modern, it 
could not be too extreme for the public taste. About a year ago we had com¬ 
pleted a great many drawings for residence construction. In order to confirm 
our ideas and to allow us an opportunity for experimentation, I decided to 
erect a sample house for myself into which we could introduce anything in 
the way of engineered living improvements within a reasonable cost. This 
first house has just been completed, after almost two years’ of very intensive 
study. 

In our previous erection technique, it was necessary for the iron workers 
to drill holes for securing the floor, ceiling, and side wall members with 
sheet metal screws. It was also necessary to secure the floor and ceiling 
panels with bolts to the supporting angles. This took a great deal of time, 
and it was realised that erection costs could be reduced by the expedient of 
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arc welding. A single operator could follow up the erectors who merely have 
inserted screws for temporary support. It may be of interest to note at this 
point the physical characteristics of this system, referring to Figs. 2, 3 and 4. 

The first requisite of a steel building is a foundation with concrete slab, 
around which is cast a concrete curb. On top of this curb there are anchor 
bolts fastening down a 3 finch x 3 finch twelve-gauge angle. 

The prefabricated panels are 16 inches wide, galvanised, and given a 
Paint-grip finish, and are made with male and female interlocking ribs. These 
panels are the full height of the building. Erection is started by putting 
up one corner. After plumbing the corner and guying it with wires, all sub¬ 
sequent panels are interlocked together around the entire building. All of 
these panels are bolted to the base angle with hook bolts around the ribs. 
Likewise the top of the panels is bolted to a twelve-gauge “Z” section which 
makes them rigid at the top. 



Fig. 1. Architect's rendering of house. 


The roof or ceiling panels either 12 inches or 16 inches wide are then 
dropped onto these "Z” sections. The floor panels are laid in the same manner. 
In both cases the structural ribs are uppermost so as to receive floor or roof 
sheathing. In the house hereinmentioned, instead of using sheet metal screws 
or bolts to fasten the celling and floor members to the outside walls, (See 
Fig. 2) we have used the arc welder to tack weld the ribs together on the wall 
panels, and also to attach the eighteen-gauge floor and ceiling units to the 
supporting Zb. It was necessary, of course, to use a low current, between 
60 and SO amperes, so as not to bum holes through the eighteen-gauge metal. 

This operation proved very rapid and, with one operator, it was possible 
in two days to tack weld the ceiling members and all the door and window 
lintels, as well as the sills. All of the openings were strengthened by tack 
weld. It was also necessary to install a 6 inch—12 pound “I” beam as a ceil¬ 
ing support beam. One end of this beam rested on a 4 inch pipe column 
which was simply welded at the bottom to an anchor plate, and bolted to 
the foundation. The other end of the beam was welded between the ribs of 
the wall panels and against the supporting “Z” section, making a solid, rigid 
frame which was erected in about two hours. This included the cutting of 
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the pipe column to the proper length with the arc. In order to erect this 
same structural member by any other method, it would be necessary to drill 
holes for gusset plates and perhaps even threaded flanges on the pipe column 
for bolting to the beam which would be a matter of twice the time and, 
unquestionably, greater expense. 

The versatility of the arc welding, and its great flexibility, enabled the iron 
workers to meet all problems of rigidity when they were encountered on the 
job; it was even necessary, through an error in fabrication to recut tw T o of 
the panels and weld them against the adjoining panel without having to 
form another rib. Reinforcing of certain weak sections over windows and 
doors was made very easy by the use of the arc welder which otherwise 
would have necessitated drilling holes and thus put all the bolts under shear 
through a thin eighteen-gauge metal. Arc welding permitted a greater surface 
attachment integral with the metal, resulting in greater structural rigidity 
and strength. In the application of arc welding in this house, we used a gas- 
driven portable welder because electric current of the amperage needed was 
not available. This made it a little more difficult in attempting a savings 
of time. Several structural problems occurred in the building which were 
naturals for arc welding. 



Fig. 2 . (left). Roof deck clamped in position ready for tack welding. Fig. 3, (right). Begin¬ 
ning of erection. 

One problem was the extension of the ceiling panels 3 feet out over the 
walls as a cantilever in which it was necessary to make the panels rigid. 
This was accomplished by welding small angles at right angles to the ribs, 
making a rigid cantilever. This would have taken a lot more time by the 
use of screws, and would not be as rigid. 

Another problem that was adequately solved was the capping of the 
panels used on round corners. This channel cap had to be notched every 4 
inches in order to bend around a foot radius of the corner. In applying 
this cap in the usual manner it would be necessary to drill a hole and put a 
screw in every 4 inch section. With the arc welder, we accomplished this 
very rapidly in about one-third the time, making a more rigid construction. 

A third problem that was successfully solved by arc welding was the 
building up of interior steel stud partitions. In this case we used the level 
concrete floor of the garage and laid down a base channel and top cap as is 
shown in Fig. 3, and set our steel studs, spacing them 16-inches on center. 
This was then squared up and clamped and the arc welder used to tack all 
of the joints. For an 8-foot x 10-foot partition it took approximately one and 
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TOP CAP WELDED 



Fig, 4. Welded joints. 


one-half hours. By the old method it would be necessary to screw the members 
in their right places by drilling holes in every joint, which would have taken 
at least 7 5 per cent more time, and would not make as rigid a structure. 

The accompanying cost sheet will give a more clear comparison of the 
various factors of cost which would be encountered on the average job. 

Over and above the savings in cost is the more important factor of im 
creased strength and rigidity, and additional factors enumerated on the 
cost sheet. 

From this data on the first house, we feel sure that our erection cost could 
be reduced by the proper timing of the welding process with the erection, 
which we did not have ample opportunity to do on this particular house. 

I believe this paper has demonstrated a new adaptation of arc welding 
to a prefabricated panel system of light gauge metal. It is our aim to further 
improve on our methods by the use of arc welding as soon as the present war 
puts us in a position to obtain the necessary steel for building more of these 
houses. 
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Cost Sheet 

Welding time for first house: 

1 man —20 hrs. @ $l-S7 1 /2 P er hr. with gas-driven welder.. ___$ 37.50 

Estimated time with motor-driven welder for same job 

1 man—IB hrs. @ $1.87V2 P er hr____-.$33.75 

Estimated time for a group of two or more houses: 

1 man—16 hrs. @ $1.871/2 P er km with motor-driven welder.$30.00 

Estimated time for old method of drilling holes and securing by sheet 

metal screws and bolts in Summer weather: 

2 men—24 hrs. @ $1.8'7 1 / 2 per hr__$45.00 

Estimated time—old method—in winter weather with gloves: 

2 men—28 hrs. @ $1.87V2 P er hr_____$52.50 

Estimated time for drilling and screwing 

one sheet metal screw-2 minutes 

Estimated time for striking arc and 

tack welding.-.-.-...1 minute 

50 per cent reduction in time per joint 

Additional advantages not gained by old method of 
sheet metal screws and bolts: 

1. Extra rigidity 

2. More surface contact between welds. 

3. Inaccessible places easy to get at with arc welder; more convenience, as 
only one man needs to do welding. 

4. Faster erection as crew does not have to stop and wait for the process of 
putting in screws to temporarily support panels. 










Chapter IX—Welded Caissons for Naval Dry Docks 
By Captaix C. A. Trexel (CEC) USN and A. Amirikian, 

Director of Planning and Design and Principal Engineer, respectively. Bureau of Yards 
and Doc\s, j'favy Department, Washington, D. C. 

Subject Matter: Former methods of calcu¬ 
lation and design are discussed and the 
new elastic slab method is presented which 
is more applicable to welded construction. 


' . - ; 

Designs were prepared for two large cais¬ 
sons of riveted construction. It was then 



decided to prepare alternate designs of all 
welded construction. These were sub- 

f l| 


mitted for bids. Eight contractors parti- 

A 


cipated in the bidding. The low bid for 

% : 

the two caissons for the welded design was 
| $108,030 less than that for the riveted 


1 design, amounting to 25% in cost. As a 

1 result, the Navy Department has let a 


^■2§IL= - 

number of other contracts for similar 
welded structures. 



Captain C. A. Trexe! Xet savmgsforcais^r.shuiit and under A . Amirikian 

contract $1,6^2,000. Savings on projected 
construction in the immediate future 
$3,540,000. Savings in weight (projects 
.vj£Jt) 4200 tons and (caissons projected) 

9000 tons. 

A dry dock or graving dock is generally described as a water basin with 
a removable gate, which provides a dry berth for maintaining, repairing or 
building ships. Since the early days of navigation, dry docks have played a 
prominent part in the progress of shipbuilding. Because of the nature of the 
services which they render, the history of their growth and development is 
closely allied with that of ships. Paralleling the development of the merchant 
fleet, the crude basin of the wooden-ship era has gradually emerged into the 
present-day dry dock of immense dimensions and streamlined appearance, 
(see Fig. 1), as a worthy counterpart of the modern ocean-liner and a con¬ 
tributor to its successful operation. 

Dm/ doeks^ are likewise of primary importance to the maintenance and 
operation of the naval fleet. While some service to smaller craft is rendered 
by marine railways, the repairs to major vessels must necessarily be carried 
out in floating or graving dry docks. The importance of such shore facilities, 
particularly in time ot war, needs no elaboration. Without them, ships 
would, in time, become immobile and useless because of fouling of bottoms, 
damaged propellers or rudders, and many a battle damaged ship would be lost. 

Dry Dock Closures—The entrance closure is an integral part of a basin 
dry dock. The two factors governing its selection and design are mobility 
and strength. The former is required for clearing the entrance and thus 
enabling the ships to float in and out of the dock. The latter is an obvious 
requirement for withstanding the external water pressure when the dock 
is pumped out. Mobility may be provided by any of three types of closures: 
hinged miter gates, similar to canal lock gates; sliding or rolling caissons; or 
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removable floating caissons. Gates are installed in many European dry docks. 
The sliding type of caisson, which is drawn into a recess at the dock entrance 
to permit the entrance or removal of a ship, is a favorite at English and 
British colonial dockyards. In -American practice, the floating caisson is the 
most commonly used form of dry dock closure. 

_ Floating Caissons —As the derivation of the word would indicate, a 
caisson is essentially a box. This box is composed of a system of interior 
framing and an enveloping skin plating. The interior framing, in turn, con¬ 
sists mainly of a series of trusses or girders, spanning longitudinally and 
transversely. The skin plating, which is of water-tight construction, is sup¬ 
ported by a set of girts or stringers forming the secondary framing. 

The cross-sectional outline of a caisson is determined from the conditions 
of stability and minimum draft in floatation and the necessary strength when 
in the seat and subjected to the unbalanced water pressures. As in the case 
of ships, the cross-sectional outline has undergone considerable change. In 
the early days of naval construction, when labor was inexpensive, and the 
time element not so pressing, the general tendency was to choose curved out¬ 
lines of what would now be considered doubtful efficiency. Some of these 
outlines are shown in (a), (b), (c) and (d) of Fig. 2, representing, in that 
order, the bulb, ship, hydrometer and barrel-shape types of caissons formerly 
used. In (e) we have the modern, simple, yet efficient, box-type framing 
outline, used by the Bureau of Yards and Docks, Navy Department since 
1940. The latter follows structural framing practice rather than the more 
costly orthodox ship construction used in former caissons. 

In the earlier days of shipbuilding, when the dock closures were of rather 
small dimensions, caissons or gates were built exclusively of timber. Later, 
with the advent of the iron ship, iron was utilised to a great extent. 
In the present era of naval construction, caisson material consists mainly of 
steel. 

Analysis of Caissons —In the earlier forms of framing arrangement, the 
design of the caisson involved no complex problems. The panels of timber 
were analysed as simple beams spanning the two walls of the dry dock, and 
each carrying the hydrostatic load within its boundary. According to this 



Fig. 1. View of a modern dry dock, with caisson in the background. 
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Fig- 2. Typical cross-sectional outlines of drydock caissons, shaped ass (a) bulb; (b) ship; 
(cj hydro-meter; (d) barrel; and (e) box. Fig. 3. Plan of caisson framing: (a) horizontal 
girder; (b) vertical frame; and (c) secondary framing. Fig. 4. Deformation of grid under 
concentrated panel loads, (a) Distributed water pressures; (b) Resultant panel loads. 
Fig. 5. Main framing arrangement of caisson, with shell plating removed. Fig. 6. Concept 
of grid framing as applied to a box. 

arrangement, the entire load was transmitted to the side walls of the dry 
dock, and the pressure distribution was assumed to vary from zero at the top 
of the side wall seats to a maximum at the bottom. 

With the introduction of the so-called grid-system of framing, in which 
the horizontal girders were supplemented by a similar series of vertical frames, 
the analysis became statically indeterminate. The function of the vertical 
framing was two-fold: (a) to transfer a part of the water pressure from the 
heavily-loaded lower girders to the more lightly-loaded upper girders and 
(b), to assist the horizontal girders by transmitting a part of the hydrostatic 
load to the bottom seat. 

A simplified concept of the main framing is shown in Figs. 3 to 5. The 
outline of the main framing or grid is indicated in Fig. 3; Fig. 4 is an 
exaggerated view of the deflections of the grid under concentrated panel 
loads; and Fig. 5 is an isometric presentation of the grid or cellular box, 
consisting of the interior framing with the shell plating removed. 

The hydrostatic load acting on the box is transmitted to the three sup¬ 
ports, first by local bending of the various members of the secondary framing 
and then by bending of the main framing as a whole. For the first part, 
the problem is rather simple. The shell plating, spanning over the secondary 
supporting frame, acts as a continuous member to transmit the distributed 
loading to the supporting stringers. The latter, in turn, also bending as con¬ 
tinuous beams, transfer the water pressure to chords of the main framing in 
the form of a series of concentrated loads. The chords, likewise bending 
locally, carry the intermediate concentrated loads to the main panel points 
located at the intersections of the vertical and horizontal frames, thus finally 
resulting in a loading system as shown in Fig. 4. The problem of the bend- 
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ing of the box as a unit under this loading, however, is quite involved, since 
the equations of static equilibrium alone are not sufficient for determining the 
two components of each panel load which must be transmitted to the 
side and bottom seats through the respective framing. 

Former Methods of Analysis—Since early days of design, many attempts 
have been made to simplify the analysis. Some of these efforts consisted of 
rendering the system statically determinate by various arbitrary assumptions. 
Others were predicated on dividing the loading between the two directions 
of bending through supplementary consideration of probable or assumed de^ 
flections; and still others were based on the principal of “least world\ A brief 
description of the several methods follows: 

Illustrative of the first group, and perhaps the earliest method of analysis, 
is the so-called method of one-way bending, in which it is assumed that the 
loading is carried entirely by the horizontal girders and that the vertical frames 
act merely as bracing members. Obviously, the unsatisfactory basis of 
analysis and the waste of material resulting from such a design needs no 
elaboration. 



Fig. 8. Close-up view of typical joint detail in a riveted caisson framing. 

The method of assumed deflections had been used for caissons designed 
up to 1919, which were the last ones built for twenty years, thereafter. 
While some consideration is given in this method to the role of the vertical 
frames, at best, it is a crude approximation of the grid theory. To determine 
the share of loading for each girder, first the form of the probable deflection 
curve is assumed at the vertical centerdine of the framing. Then, by trial 
and error, the loading is adjusted and the flange material for each girder is 
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Fig 1 . 11. Erection procedure of shop sub-assemblies of welded caisson. 


proportioned to conform to the respective maximum deflection on the assumed 
curve. While the equilibrium conditions are satisfied in the solution, the 
method is defective in that the same panel loads are used for all vertical 
frames, regardless of their location with respect to the supports. As a result, 
the distribution of loading between the two directions of framing does not 
represent the true conditions nor the one requiring the least sections in 
bending. 

In the method of ‘‘‘'least work”, the framing system is assumed as a grid, 
and the panel loads carried in one of the two directions are considered 
redundant forces and their intensities determined from the equations of 
'least work”. 

Concept of Former Method —In the older methods of design, the strength 
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Fig. 12. Shop-welded keel section of caisson. 


of the shell or skin plating is only partially utilised in the bending of the 
caisson as a whole, the assumed contribution being limited to the furnishing 
a certain amount of flange material for the main frames. In effect, such a con- 
crept is analogous to considering the caisson as a box having its top and 
bottom perforated with rectangular openings. Fig. 6, showing the plan view 
of the plate panel, illustrates this concept. Here, the unshaded area of the 
diagram indicates the effective part of the plating, consisting of a series of 
vertical and horizontal strips. Each strip represents the effective flange plating 
acting in conjunction with the girder or frame at the respective location, the 
width being governed by the plate thickness. 

Concept of New Method—The imaginary holes in the plating had been 
introduced witn a view to divorcing the direct interdependency of bending in 
tne two directions, and thus simplifying the analysis. Obviously, because of the 
soud skin plating, no bending of the nature of an open-grid framing can take 
place. If it be assumed that the plating is adequately anchored or connected 
to the interior framing, when the box is bent, the original plane fLanges are 
rorced into dished-in or spherical contours, conforming to the bending curva¬ 
tures in the two directions. As a result, the flange plating is not only sub¬ 
jected to bending fiber stresses but to twisting strains as well, the latter attain* 
ing their maximum intensities at the four corners where the bending curves 
in the two directions merge into a single common curvature. Compared to the 
two-way bending of a grid, the twisting resistance of the plating has the 
effect of equalizing and relieving the bending stress of the framing, thereby 
resulting in a more satisfactory and economical design. 

Analysis of Caisson as a Cellular Elastic Slab—The bending phenomenon 
just explained is that of an elastic slab. As stated above, if the skin plating 
and the various members of the framing are securely connected together to 
form a rigid unit, then the caisson may be considered as an elastic slab in 
which, in lieu of a solid cross-section, the material is concentrated in the flanges 
and in a series of web frames to form a cellular box. 
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Design of Caissons—In the fall of 1939, construction was nearing 
pletion of a caisson for dry dock A at Navy Yard X. The caisson, the largest 
closure in span and depth to that date, had, for lack of time to prepare a 
radically new design, been designed in accordance with the Bureau’s former 
conventional method of analysis discussed above, and had riveted connections. 
Pig. 7 illustrates the cross-sectional outline and some details of framing. As 
will be noted, it is of the barrel-shape type, with a maximum beam of 27 feet 
and a depth of 54 feet. The maximum length at the top is 150 feet. The 
details follow the general pattern of accepted standards of riveted construc¬ 
tion, as may be noted in the close-up view of a typical joint detail shown in 
pig. 8. The total weight of the caisson, exclusive of the concrete ballast, 
was 2,256,700 lbs.; the cost, $389,650, and it was completed in 18 months. 

New Caisson Design—At the time of construction of caisson A, a very 
large expansion program of docking facilities was just getting underway. 
First on the list were two new dry docks having entrance sections identical 
with that of dry dock A, one of them located at Navy Yard X and the other 
at a distant Yard Y. Under normal conditions, the logical procedure would 
have been to duplicate the former design for which plans were available. 
However, having conducted considerable research and investigation in the 
field of elastic slab analysis with a view to possible application to the design 
of caissons, and having developed a simplified computation routine from the 
obviously involved theory, the Bureau decided to prepare a new design based 
on the elastic slab concept. 

Riveted Framing—The new analysis being a radical departure from 
conventional methods formerly used, it was deemed prudent in the first design 
to confine pioneering to the analysis only, and to design the new caisson in 
riveted construction. 

In preparing the new design, the available data of the caisson for dry 
dock A (last conventional design) were utilised both as a guide as well as a 
basis of comparison. Fig. 9 shows the main features of the new framing. As 
will be noted, the new cross-sectional outline, in the form of a slenderised 
box, presents a striking contrast to the bulky, barrel-shaped outline of the 
former design. Other changes consisted of revised girder and frame spacings. 



Kg. 13. View of partially assembled caisson, showing parts of main transverse framing. 
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Fig-. 14. View of particlly assembled caisson, showing parts of stem and end framing. 

elimination of double-plates from girder flanges and redistribution of material 
throughout the framing. 

The estimated weight of the caisson, exclusive of concrete ballast, was 
1,950,000 pounds, representing a reduction of 306,700 pounds from the weight 
of the former design. 

Welded Framing—While the design drawings for the new riveted cais¬ 
son framing were in course of preparation, the question was raised whether 
gLhe original decision to use riveted construction ought not to be reconsidered 
pn view of the number of new caissons involved and the possible large 
economies which might be achieved by the use of welding. Up to that time 
the Bureau had not used welding in the fabrication of its floating caissons. 
As support for the adoption of welding, it was argued that, since the elastic 
cellular slab concept was predicated on rigidity of connections, there was more 
justification for using the new analysis in welded construction of proven rigid¬ 
ity than in riveted construction of somewhat dubious rigidity. As a com¬ 
promise, and to obtain a direct comparison, it was agreed to prepare an al¬ 
ternate design of welded framing, and to submit both schemes of construction 
for bids. 



Fig. 15. Top view of partially assembled caisson, showing some details of the interior 

framing. 
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Fig. 16. First all-welded caisson complete and afloat. Beam 22 ft., depth 54 ft., 

length 150 ft. 

Details of 'Welded Design—The success of any welded design depends 
greatly on its planning and development as a new and entirely distinct 
structure, free from the influence of the details of the riveted design which 
it replaces. With this in mind, in preparing the details of the alternate 
welded design, the parts for each member of girder and frame were carefully 
selected to provide not only the lightest weight and maximum strength but 
also the most advantageous section for welding. To this end, generous use was 
made of serrated channel sections, cold-formed angle sections and wide-flange 
tee sections. Fig. 10 illustrates the basic details of construction. It is to be 
noted that all horizontal girders have a combination tee-angle flange section. 
The small tees, while not needed for strength, were added to provide a 
landing and backing strip for welding of the horizontal seams of the shell 
plating. The connections were further improved by substituting two separate 
fillet welds in lieu of the customary butt weld, thus allowing a tolerance gap 
between the edges of two adjoining shell strakes, at the same time reducing 
the possibility of locked-up stresses which might result from long butt seams. 
The employment of serrated sections results in a saving in channel material 
and the use of a minimum amount of welding with sealed connections at the 
lines of contact with the plating. The flanged sections of the girder and frame 
chords furnish the required stiffness and stability in flexure, obviating the need 
of welded legs. 

Working Stresses—In determining the amount of welding at the various 
points, the following unit stresses were used: 

Fillet welds _ 13,560 psi 

Butt welds: 

Tension __ 15,600 psi 

Compression_18,000 psi 

Shear .-.12,000 psi 

Other details and welding requirements were in accordance with Bureau 
of Yards and Docks welding Specs. 12yb-Supplement No. la and 22yb. 

The estimated weight of the steel and fittings of the caisson was 1,505,000 
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Fig. 17. Section of keel of caisson, sub-assembled in th.e shop. 

pounds, or 445,000 pounds less than the weight of the new riveted des. 
and, 751,700 pounds less than that of the old riveted design. 

Comparative Caisson Costs—Drawings for the two designs were c< 
pleted early in 1940, and submitted for bids. The bids were asked for e 
caisson separately as well as for the two units together. Eight contraci 
participated in the bidding, the list including the builder of the Bureau's 
riveted design. Of the eight bidders, four quoted prices for the welded 
sign only, three gave ir.com Hete bids for the riveted design and one submit 
bids for both designs. The kwesi figures were as follows: 


(a) Welded design: 

One caisson for Navy Yard X.$266,703 

One caisson for Navy Yard Y__ 276,203 

Both caissons . 522,570 

(b) Riveted Design: 

One caisson for Navy Yard X.....$3 55,540 

One caisson for Navy Yard Y... 366,740 

Both caissons ........ 630,600 


It is particularly interesting to note that the low figures of the wel 
group were those of a builder who had actually fabricated the Bureau's 
riveted caisson mentioned above, the work being sublet to him by the f 
cessful bidder of that project; and, significantly, he had submitted no 1 
for the riveted group at this time. 

Fabrication and Construction—The contracts for the two caissons v 
awarded to the low bidder of the welded design , and thus the work was be 
started on the first all-welded caisson construction. The caisson being a £L 
ing structure, the event marked also the beginning of a large-scale utilizai 
of welding in such structures under the cognizance of the Bureau. 

By the terms of the specification, the contractor was required to submit 
proposed method and order of assembly and sequence of welding for appr< 
before proceeding with the actual fabrication. The submitted procedure 
outline form is shown in Fig. 11. The erection being confined to the vert 
position of the caisson, the proposed method differed but little from the 
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Fig. 18, (left). Stem and end framing section of caisson being lowered in position for 
erection. Weight of the shop-welded sub-assembly unit about 15 tons. Fig. 19, (right). 
Close-up interior view of caisson, showing joint details of main and intermediate frames 

at the knuckle. 

envisaged in the design. Another clause in the specification gave the con¬ 
tractor the option to use, upon approval by the Bureau, welding details other 
than those shown on the design drawings. No important changes were, 
however, proposed to alter the original details. 

Fig. 12 shows the placing of the first keel section of the first caisson at the 
assembly site. Fig. 13 shows the assembled keel section and the lower parts 
of the main transverse framing. Fig. 14 is a view of the partially assembled 
end framing, consisting of a part of the stem section, the breast hooks, the 
water-tight bulkhead and the shell plating up to the elevation of Girder No. 

3. In the foreground, a sub-assembled plate panel with serrated-channel stiff¬ 
eners can be seen. Fig. 15 is a top view of the partially assembled caisson, 
showing some details of the interior framing. Fig. 16 shows the completed 
caisson afloat. 

Additional Welded Caissons—As a result of the favorable bids received 
for welded caissons, a policy was adopted by the Bureau to exclude riveted 
designs from further consideration and to use welded construction in all sub¬ 
sequent work. Accordingly, on June 1, 1940, contracts were let for the con¬ 
struction of two additional caissons of smaller dimensions, involving 430 tons 
of steel by welded design. Figs. 17 to 22 illustrate some interesting features 
of construction of this second group. In the order of work progress. Fig. 17 
shows a keel section, subassembled in the shop, ready for shipment to the 
erection site; Fig. 18 shows a section of the stem and end framing, a 15-ton 
shop-welded sub-assembly being lowered in position for erection. Fig. 19 shows 
the joint details of main and intermediate frames at the knuckle. (These 
simple clean-cut welded details may be compared with the corresponding 
riveted details shown in Fig. 8.) Fig. 20 is a view parallel to the keel below 
the knuckle, showing a battery of arc-welding machines, ready for welding the 
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sub-assembled units. Fig. 21 is a view of the caisson at an advanced stage of 
erection, illustrating the adaptability of welding to high-speed production at 
the assembly site, in this case showing simultaneous welding by 16 welders 
(4 inside and 12 outside). 

In addition to these four caissons, during the period of July 1940 to 
January 1942, designs were prepared and contracts were awarded for ad¬ 
ditional caissons of varying sises. The total amount of steel required for these 
new projects is in the neighborhood of 12,000 tons. Some of these caissons 
have already been completed and are now in successful operation; others are 
at various stages of completion at fabricating shops or at the assembly sites. 

Advantages of Welding 

Savings in Cost—One of the first considerations in any project is ob¬ 
viously the cost. The contract prices of the last conventionally designed 
riveted caisson and the new welded design for the dry docks at Navy Yard X 
described above, indicate a maximum cost differential of $122,947 for one 
caisson. Deducting from this sum $34,110 as a saving due to the improved 
method of analysis, the balance of $8-8,837 represents the minimum or net 
saving resulting from use of welding, which is a 25 per cent saving, and is 
equivalent to approximately $118 per ton of steel used in the welded design. 
On the basis of the latter figure, the net savings realised from caissons built 
or presently under contract, involving a total of 14,000 tons of steel, is 
$1,652,000: and the anticipated savings from projected construction in the 
immediate future, involving some 30,000 tons of steel, is $3,540,000. 

Savings in Weight —As stated in a preceding paragraph, the weight of 
steel in the first welded caisson was 751,700 pounds less than the former 
riveted design. Of this total reduction, 306,700 pounds was due to the ap¬ 
plication of the elastic slab theory to the design and the balance of 445,000 



Fig. 20, (left). View of assembled keel of caisson showing a battery of arc welding ma¬ 
chines used in the erection of the framing. Fig. 21, (right). End view of the partially 
completed caisson, showing a group of 12 operators welding three strokes of shell plating, 
while 4 others are at work inside welding butts at two decks. 
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pounds represented the net minimum saving as a result of welding. Expressed 
in percentages, the reductions from the old and new riveted designs are 
respectively 33.3 per cent and 22.8 per cent, or approximately 0.? and 0.3 
pound per one pound of metal used in the welded caisson. On the basis of 
the latter figure, the total savings in weight for the caissons under the present 
construction program is about 4,200 tons, and that for the projected con¬ 
struction will approximate 9,000 tons. 

Saving in Time of Construction—The time of completion end delivery 
of the last riveted caisson was approximately 18 months, whereas of the first 
group of the two welded caissons the first was contracted for and delivered 
at Navy Yard Y in about 12 months and the second one at Navy Yard X 
three months later. With the ever-improving technique of welding, shop 
fabrication is steadily approaching the pace of high production, thus result¬ 
ing in further shortening of the completion periods. This important time- 
saving element is clearly reflected in recent contracts for welded caissons. 

Savings in Maintenance Cost—In floating structures, welded construction 
possesses a distinct advantage over that of riveted construction. Caulking is 
used extensively in the latter to provide the required water-tightness. Caulk¬ 
ing is not only costly but often ineffective, resulting in leakage and corrosion 
and consequent overhaul and repairs. Welded construction if properly done, 
automatically provides watertight seams, and thus assures appreciable savings 
in the cost of maintenance of the caisson. 

Added Strength and Stability—Paradoxical as it may seem, the welded 
caisson of reduced weight is stronger than the heavier riveted design which 
it replaces This is due to the fact that rigidity of connections in the former 
helps to develop fully the various sections of the framing, at the same time 
utilizing, in the form of added-strength, a part of the savings from the 
elimina ted dead-weight connectors as well as from substituted sections of high 
stress efficiency. In addition, the lighter welded caisson requires relatively 
shallower draft in floatation and has greater stability. 

Incidental Benefit —The advantages enumerated above do not include 
a still greater benefit which cannot be measured by the standards of a world at 
peace. A part of the savings in steel tonnage was reused in a different form 
in some of the caissons, as armor plating, to provide protection against bomb¬ 
ing. Another part made it possible to construct some of the spare caissons 
now in the process of fabrication, and still another part went into the con¬ 
struction of ships and other combat weapons. These transformed savings 
constitute the real contribution which welding, as applied to naval dry dock 
caissons, has made to the violent effort which mankind is now making to 
insure a more secure and free way of living. 



Chapter X—Welded Steel Bents for Subways 


By Emanuel Scheyer, 

Assistant Designing Engineer, Designs Division, Board of Transportation, 

Nett' York, N- T. 



Subject Matter: At present no welding is used on subway bents 
except to connect cap and base plates to columns. The writer, 
a structural engineer with 34 years of experience in subway 
design, points out the substantial savings that will accrue from 
even a conservative use of welding on the portions of the subway 
system that remain to be constructed. He offers designs for 
welded details to meet special subway conditions. Among them 
is a design for a flexible connection of beam to column. 


Erranue! Scheyer 


This paper relates to structural steel work for subways, especially those 
of New York City. Up to the present time no welding has been used in 
New York for subway steel except for the connection of cap and base 
plates to rolled columns, and in a very few instances for the attachment of 
stiffeners to rolled sections. Beyond the exceptions noted, welding is not 
permitted for subways in New York. They are built by the Board of 
Transportation by the City of New York. The writer is associated with the 
design of subways as a structural engineer with the Board. He has been in 
this job on the design of subways for thirty-four years. 

The preferred type of subway construction in New York consists of 
steel bents spaced about five feet in the direction of the length of the sub' 
way. Small concrete arches extend between the bents. 

There are special conditions involved in the stresses to which steel in a 
bent is subject that make the welding together of its component parts more 
than a matter of merely substituting welding for riveting. And if these 
special conditions are met, an occasional defective weld would not endanger 
the safety of the structure any more than an occasional defective rivet 
would in a riveted structure. 


_ It will be shown that with a proper design, the steel for at least two- 
thirds of the length of future subways can be arc welded with safety and 
at a saving of about $100,000 per mile of four-track subway and about 
$50,000 per mile of two-track subway. There are about fifty miles of new 
subways in the offing tor New York for the first fifteen years after the war, 
and after that, in the course of twenty-five years more, another one hun¬ 
dred miles. 

Design Applies to Bents Between Stations—For the conditions obtaining 
in New York, the open cut method of constructing the subways is most 
suitable. Only under exceptional conditions are subways constructed there 
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Figs. 1, 2 and 3, (left). Figs. 4 and 5, (right). 

by other methods, such as by tunneling when in deep rock or in under¬ 
river crossings. 

In open cut construction. Figs. 1, 2, 3, 3A. 3B and 3D, a trench is dug 
in the street and sheeted, the trench being of a width suitable to contain 
the subway and of a depth below the street surface sufficient to accommo¬ 
date the bottom of the subway. The subway is then constructed in the 
trench, after which earth is placed on top of the subway to fill up the space 
between the top of the subway and the pavement; finally the pavement is 
restored on top of the fill. The sheeting at the sides of the cut is plainly 
seen in Figs. 3A and 3B. In Fig. 3C no sheeting is used because the subway 
is being built through open territory instead of an existing street where 
street traffic must be maintained. 

The subway itself consists of a succession of steel bents, each bent 
extending in a line across the width of the subway. Figs. 3A, 3B, 3C, 3D, 
4, 5 and 6. The bents are usually spaced five feet center to center along 
the length of the subway. Concrete arches extend between successive bents. 
Fig. 5, embedding the steel of th’e bents between them. Each bent consists 
of a row of roof beams placed end to end, with columns located under the 
beams at their junctions and at the outer ends of the outer beams. This 
framing applies to the subway between stations. At stations, which com¬ 
prise only about 20% of the length of the subway, the framing is different, 
because wide spaces must be left longitudinally between the columns for 
the unobstructed movement of passengers; to accomplish this, longitudinal 
girders or headers are required into which the transverse roof beams frame. 

The welded design described in this paper applies to open cut subways 
of the steel bent type but only for the stretches of the subway between 
stations, which stretches as noted before, comprise two-thirds of the sub¬ 
way. The welding of the structure at stations presents a different problem 
which is not treated herein. 
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Loads and Stresses of a Bent—The conditions of stress and strain in 
the members of a subway bent and the requirements established as the result 
of over forty years of subway building are somewhat different from those 
found in other structures, notably buildings. One of the important condi¬ 
tions not usually met with in the other structures is that not only must the 
bent support the downward load on top of the subway roof, but it must 
also resist the lateral or earth pressure against the side walls of the subway 
and often, in addition, there is water pressure, should the subway extend 
below the level of water in the ground. Figs. 2, 3, 3B, 21 and 22. Other 
conditions peculiar to subway construction and practice will become apparent 
later on in the paper. 

The type of bent, Figs. 3A and 6-9, actually used in the Independent 
System of subways, the latest to be built, will be used as the basis of com¬ 
parison between a riveted bent and the welded bent. The details shown 
were taken from the American Bridge Company's shop drawings for the 
Fulton Street Line in Brooklyn. The photo is of the subway on Queens 
Boulevard. The bent of Fig. 6 has been designed for a cover of 14 x / 2 feet. 
In subway parlance “cover" means the distance between the street surface 
and the underside of the roof beams, as seen in Fig. 1. Fourteen and one- 
half feet has been selected because it is the average cover on the Independent 
System for the type of construction being considered. It is fair to assume 
that the same average cover will obtain on future subways. 

The roof load in subway practice is taken as 600 pounds per square 
foot live load on the street surface plus a load of 100 pounds per cubic foot 
of cover to the underside of the roof beams. In the present instance, remem¬ 
bering the cover is 14.5 feet, there is a total roof load per square foot of 
600 -b 1450 = 2050 pounds. See Fig. 6. The bents being spaced 5 ft. on 
centers. Figs. 4 and 5, each roof beam takes 10,250 pounds per lineal foot. 
The fiber stress in bending used for subway steel is 20,000 pounds per 
square inch, but when encased in concrete arches. Fig. 5, 25,000 pounds 
is used. This is based on the assumption that the concrete will help take 
up some of the compression in the upper flanges of the beams in a sort of 
hybrid reinforced concrete action. In accordance with this, the roof beams 
shown in Fig. 6 are required. 

For the sidewalls of the subway above water, as in Fig. 1, the maximum 
bending moment on the sidewall columns due to lateral earth pressure is 
1,150,000 inch-pounds the practice being to neglect the effect of the live 
load from the street surface. It should be remembered that the columns 
are spaced 5 feet on centers along the length of the subway and therefore 
take the lateral pressure against 5 feet of the wall. A shortcut method 
of figuring the lateral pressure and sufficiently close for all practical purposes 
is to assume the lateral pressure per square foot at any depth as equal to 
one-third of the weight of a one foot square column of earth extending to 
the street surface above this depth. In addition to the bending, the sidewall 
columns take a direct load from the room beams of 83,000 lbs. Another 
practice in subway design is to assume the concrete in the wall between 
the columns to take up the direct load, within a certain limit, from the 
columns by adhesion, so that by the time the bottom of the column is reached, 
all the load is in the concrete. At the point of maximum bending moment 
in the column, which is somewhat over half way down the column, about 
half the direct load of the column has been transmitted to the concrete. 
It is the practice to design the sidewall column so that the direct stress left 
in the column (one-half the total load) at the point of maximum moment 
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plus the bending stress due to that moment shall not, when added together, 
exceed 25,000 pounds reduced by a rationalised formula when the direct 
load exceeds 150,000 pounds for a 12-inch column. In the present instance, 
the total direct load is 83,000 pounds and the moment approximately at 
the center of the beam is 1,150,000 inch-pounds. A 12 WF-45 pounds beam 
will satisfy the requirements. With the bearing power of the soil taken at 
8,000 pounds per square foot, no footing is required for the sidewall. The 
two angles shown at the bottom of the sidewall column. Figs. 6 and 8, are 
not required to act as the base of the column as the concrete in the wall 
will have taken the full load from the column by adhesion by the time the 
bottom of the wall is reached; these angles only serve to help keep the 
column from falling over during erection. The interior columns are required 
to take a load of about 138,000 pounds. For'this 6 WF 40 pounds columns 
will be used with the six-inch dimension set transversely. Such narrow 
columns are used to permit close spacing of the tracks, thereby keeping 
down the width of the subway, saving on the materials used in it and on 
excavation. In fact, the Bethlehem and Carnegie handbooks list these col¬ 
umns as subway columns, they having originally been rolled especially for 
this purpose. There is insufficient bearing area for the roof beams on all 
columns. Stiffener angles are accordingly used to supply the additional 
bearing required. The all-welded design, described later on, lends itself 
readily to the use of welded stiffener plates instead of angles. The 6-inch 
interior columns in the past, even with the riveted design in certain contract 
portions of the subway, had welded cap and base plates as seen in detail 
in Figs. 9 and 10. The cap plates for the interior columns shown in Fig. 3C 
were welded. On the other hand, a close scrutiny will show that no cap 
plates were used for the columns shown in Fig. 3A, riveted connection 
angles being used instead. Fig. 3C is a photograph of a portion of the 
subway known as Route 108, Section No. 9, where the steel work was 
done by the American Bridge Company. This company used welding as 
much as it could. On the other hand, Fig. 3A shows the steel in Route 103, 
Section No. 6. The McClintic Marshall Corporation, a subsidiary of the 
Bethlehem Steel Company, was the sub-contractor for the steel here. The 
comparative estimates forming a part of this paper are made on the basis 
of the use of welded cap plates in the riveted design of the past. Actually, 
as seen in Fig. 3A, much of the past work had riveted connection angles. 
On the latter basis there would be an even greater saving for the all welded 
design than is shown later on in this paper. 

The sidewall columns. Figs. 7 and 8 are supplied with shop riveted 
connection angles at their tops as well as with the base angles, noted above, 
at their lower ends. The outer roof beams are field riveted to the tops of the 
sidewall columns. 

The number of joints in the roof of the bent could be reduced by using 
longer beams. That is, instead of using a separate beam for each span, or 
four beams across the bent, two roof beams could be used, each beam to 
extend over two spans. Less joints means less shop and field work on the 
members. However, long beams cannot be used to effect such economy 
in a subway bent. The trench which is dug to contain the subway must 
be decked over in practically all cases to form a street surface for the 
maintenance of street traffic. Figs. 3A and 3B. In fact, the usual procedure 
is to lay the decking at the street surface before the trench is dug and then 
to undermine the decking, posts being used to support the decking as the 
excavation progresses down. When the excavation is finally completed. 




Fig. 3a. Typical riveted bent between stations. 

there remains a deck supported on a complex system of temporary steel 
beams and girders. Also there is a tangle of water pipes, sewers, gas pipes, 
mail tubes, steam mains and electric ducts supported under the decking. All 
these obstructions under the decking make it troublesome to insert too 
long a beam through them into its final position in the bent. 

The decking shown in Figs. 3A and 3B is unusual in that the decking 
beams are of sufficient sice to span entirely across the cut, a distance of 
about 60 feet. Usually the decking beams are of smaller span requiring 
the use of intermediate posts which are a further obstacle to long span 
beams for the permanent roof steel. In this particular contract, the con' 
tractor’s scheme of using his power shovels required that the excavation 
be entirely clear of posts. Because this contract ran through a sparsely 
settled section of the city, there are very few pipes and other utilities 
supported under the decking to interfere with erection. 

Another objection to running the permanent roof steel continuously 
over two or more spans is because counter'moments are produced over the 
intermediate column or columns. This induces compression on the under' 
side of the roof beam where there is but little concrete. Fig. 5. It will be 
remembered that the allowable stress was increased 25 percent because the 
concrete was assumed to act with the steel in compression. 

Deformation of Bent—In Figs. 11 and 12 is shown in an exaggerated 
manner, the deformation of a subway bent produced by the loading. 

Considering the steel to carry the whole load, the theoretical maximum 
deflection of the roof beams is one'quarter of an inch. Actually, field 
measurements have shown it to be less, because as pointed out, the concrete 
between the beams help to carry the load by a sort of hybrid reinforced 
concrete action. Further, the full street surface load of 600 pounds per 
square foot was most likely absent when the sights were taken. In deflect' 
ing, the ends of the beams become inclined to the vertical causing the beams 
to separate from each other at the tops of their abutting ends. Theoretically, 
the separation at the tops for the conditions shown is one-quarter of an 
inch. The portions of the flanges over the columns have their outer ends 
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lifting off the column. Figs. 11A and 12. In the riveted design, these deforma¬ 
tions are taken up by the deformation of the rivets, connection angles and 
the flow of the metal in the main members beyond its elastic limit where 
the bearing value of the rivets is exceeded. The proposed welded design 
is so constituted that the deformation does not reach the welds but is taken 
care of elsewhere in the connection. 

Welded Bent—It is better not to subject the welds to the prying action 
they would get if they were used to connect the bottom flange of a roof 
beam directly to a sidewall column. The prying effect which such a con¬ 
nection would have when the beam is loaded, can be seen in Figs. 11 and 
11A where the extreme end of the roof beam can be seen lifting off the 
side wall column. To overcome such prying action, additional plates are 
required together with additional welding. As will be seen, however, the 
welded connection used practically eliminates the prying action. In the 
riveted connection, the give of the connection angles and other factors 
previously mentioned at the top of the sidewall column will permit the 
separation. For the welded connection it is proposed to use a type of flexible 
connection which will allow the end of the beam to lift off the sidewall 
column and still hold the adjacent portion of the beam for the purpose of 
taking care of the side pressure from the column. 

The welded design is simple. Its essential part is a long plate which 
is kept weak enough in bending to be relatively flexible, thereby keeping 
down the prying action. All the field welding is flat. Not a single hole is 
used in the entire design. As can be seen in Figs. 11, 11 A, 11B, 16 and 
17, at the sidewall, the plate is welded to the top of the column but free of 
the beam where the latter comes over the column and separates therefrom 
when loaded. The plate is welded by 54-inch fillet welds to the column 
in the shop. The beam is welded in the field by 3/§'inch fillet welds to the 
portion of the plate which overhangs or projects beyond the column. As the 
roof beam bends down under the load, it bends down the overhanging 
portion of the plate with it. As the flange of the beam and the cverbringing 
portion of the plate move down together, no separation is possible. The 
welds connecting them are, therefore, subjected only to shear from the side 
pressure. The overhanging portion of the plate also allows for the deforma¬ 
tion of the sidewall column due to the effect of the side pressure of the 
earth. Fig. 11. In the riveted design, the bottom flange of the outside roof 
beam, Figs. 6 and 7, is riveted by means of a pair of clip angles to the top 
of the sidewall column. Enough rivets are used to transmit the thrust cf 
22000 pounds from the sidewall. In the welded design, two field welds 
each 4V2 inches long are used to connect the bottom fLange of the roof 
beam to the overhanging portion of the cap plate. Allowing for crater 
effect, the welded connection is good for 24,000 pounds thrust. The cap 
plate in turn is connected to the top of the sidewall column by two welds 
to each side of the web of the column, each weld being ^/i inches long. 
These welds are capable of taking the side thrust plus whatever upward 
pull is required on them to hold the cap plate down on the column while 
its overhanging portion is bent. The additional welding shown between 
the cap plate and flange of the column is for shipment. The long overhang 
of the plate may cause the latter to be knocked off in handling. Even with 
the smaller overhang of the cap plates shown in Figs. 3C and 9, a number 
came off in shipment. 

The thinner the cap plate is kept, the easier its overhanging portion 
will bend and hence the less the upward pull on the welds to the web of 



476 


STUDIES IN ARC WELDING 


the column. As far as the transmission of the side thrust is concerned, a 
plate less than 54-inch in thickness would suffice, but it has been found by 
the fabricating companies in the case of the cap plates over the interior 
columns in the riveted design, Figs. 3C and 9 that if less than %dnch thick¬ 
ness is used, the plate will warp because of the welding. It will be remem¬ 
bered, that even in the present riveted design now in use, the cap plates 
are welded to the tops of the interior columns. Because of the warping, the 
cap plates are made -^'inch thick. But the use of so thick a plate induces an 
appreciable upward pull, due to the prying action, on the welds to the web 
of the column. In order to reduce the pull, the cap plates are weakened in 
bending by slotting them as seen in Figs. 11 A, 11B, 16 and 17. There is 
enough metal left "in the plates after the slotting to take the side thrust 
of 22,000 pounds. 

The slotting as shown in Figs. 1 IB and 12A is only one way of weakening 
the plate in bending on its overhanging portion. Instead of using the slot 
shown, the plate could be slotted or scored transversely, that is a groove 
as seen in Fig. 19A for its entire width could be cut into it. While this 
is more effective because the bending strength of the plate varies as the 
square of its thickness, and only as the first power of its width, yet it has an 
element of danger in that the depth of the groove is not so easily controlled. 
Unless extra precautions are taken, the groove may be cut too deeply, or 
the plate placed on the column with the groove upward. Both these condi¬ 
tions may lead to fracture of the plate when loaded. 

The deliberate weakening of a plate or a member, to save the welding 
that must ordinarily be provided for secondary stresses, should have use 
not necessarily limited to the subway bent. Further, the use of the flexible 
plate connection, with or without the weakening, is a device which can be 
used elsewhere than in subway construction. 

The riveted angle stiffeners. Figs. 3A, 3C, 7 and 9, of the riveted design 
are replaced by welded plate stiffeners. Figs. 17 and 20. There is no novelty 
in this fact by itself, as the welded stiffeners could have been used, theoreti¬ 
cally at least, with the riveted design. Actually, welded stiffeners have not 
been used in the riveted design because it did not pay. Even the American 
Bridge Company, which favored welding to the extent of using it for cap 
plates on a job, did not on the same job weld the stiffeners, as can be 
readily seen in Fig. 3C. As most structural shops are at present constituted, 
it would not pay to weld the stiffeners to the beams where punching and 
riveting must be done on other parts of the beams. Therefore, it is fair to 
claim the saving accruing because of the use of the welded stiffeners, for 
the welded design. 

The cap plates for the interior columns in the welded design are welded 
to the tops of the columns just as in the riveted design but are larger. In 
the riveted design. Fig. 9, the bottom flanges of the roof beams are riveted 
to the cap plate with a nominal number of rivets, the thrust from the side- 
walls not bringing any load on them but being transmitted transversely 
across the bent by end to end bearing of the beams, the ends being milled. 
In the welded design. Figs. 12, 15, 19 and 20, each beam has its lov^er 
flange field welded to the cap plate of an interior column by two 24-inch 
fillet welds, each 5 inches long. The welds are figured at 3,000 pounds per 
lineal inch with l /i inch added for crater effect. They are designed to produce 
a tension splice for the lower flanges of adjacent beams of a strength 
equivalent to that of the 5 1 //' X X web splice plates of the riveted 

design, Fig. 9, plus the splicing ralue produced by the four rivets through 
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Fig. 3b. Stretch of subway with invert below ground water. 


the 8" X Vi" X l'"2" cap plate. The reason for the splice is that in case 
of a derailment some columns may be knocked out. ihe welding of the 
columns to the plates is made less than that of the plates to the roof beams, 
so that any blow against the columns will cause their separation from the 
plates rather than the plates from the beams. While not of sufficient 
strength to take the bending, nor, as a matter of fact, are the beams them' 
selves, over two spans, the splice plus the action of the concreue and the 
fact that no live load will be allowed on the roof after a derailment, an these 
conditions together, will allow the structure to hold up until temporary 
shoring can be used to replace the lost columns. As a matter of fact, a 
derailment on the 7th Avenue Subway near oord Street some years ago 
knocked out five columns in a row and the roof held without damage. 

It is to be noted, that as the overhanging portions of the cap plates 
are deformed with the deformation of the beams. Fig. 12, they deform 
in conformity with the beams so that there is practically no tendency for 
them to separate from the beams and induce a secondary stress in tne w^rnds 
to the beams. Slots are used for the cap plates ox the interior columns just 
as at the sidewall columns. 

In the riveted design, a pair of clip angles is used at the bottom Oi eacn 
sidewall column, Figs. 6 and 8. As previously explained they are nominal, 
acting only to give some stability to the columns during erection. A oase 
plate, welded as shown in Fig. 18 is substituted in the welded design for 
the clip angles. As noted before for the stiffener plates, a welded base 
plate would have been permitted by the engineers of the Board in the riveted 
design, but the steel fabricators did not find it economical to shop we ld a 
plate at one end of a beam and use a riveted shop connection at the other 
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end. The base plate for the interior columns. Fig. 10, is the same for both 
the welded and riveted designs. 




Welded connections for a subway bent have a decided advantage over 
riveted connections in that they avoid erection difficulties caused by inac- 
curacies in the length of the roof beams or in the plumbing of the columns. 
In erecting a riveted bent, should these inaccuracies be present, the setting 
of the roof beams end to end might produce a cumulative error sufficiently 
great to prevent the holes in the bottom flange of the last beam from matching 
those of the column on which it is to set. The likelihood of this would be 
particularly great in the six-track subway of Fig. 3C. This would require 
the loosening of erection bolts and a readjustment of the members. In extreme 
cases new connection angles with differently located holes would be required. 
With welded connections, the beams can be welded to the columns when 
ever they should happen to come. This fact could be used to advantage to 
eliminate the required milling of the abutting ends of roof beams in the 
present riveted design. If trouble in matching holes is had at present, even 
with milled edges, the accumulated error would be greater with sawed 
edges. As seen in Fig. 9, it is a present requirement to mill the ends of the 
beams. The proposed welded design is conservative in that it maintains 
this milling. There is difference in thought among the engineers having 
. to do with subway design as to the necessity of milling. One of the reasons 
advanced for it is that in case of a derailment, should interior columns 
be knocked cut. as noted before, the tops of the beams will bear and form 
in each case the compression flange of an emergency beam, while the cap 
plate of the column and the splice plates will supply the tension flange. The 
only strength in tension that can be derived from the cap plate is that 
supplied by the two rivets fastening the bottom flange of each roof beam 
to the cap plate. Because the milling will allow the beams to bear at the top 
flanges, the neutral axis of the emergency beam will be high, thereby increas¬ 
ing the efficiency of the splice plates and cap plate in tension. However, in 
the welded design, the welding connecting each bottom flange of adjacent 
beams to the cap plate can be increased somewhat, increasing also the 
length ct tne cap plate, to compensate for the fact that without milling, the 
upper encs or tne root beams do not bear, the compressive side of the 
emergency beam being supplied by the concrete, resulting in a lowered neutral 
axis. The saving m milling is only a small part of what could be saved 
by the welded design should the milling requirement be lifted, as the writer 
believes will nap pen sooner or later. A very great saving could be had 
under these conditions by the welded design shown, in that the roof steel 
could be shipped, cut to length by the saw, directly from the mill to the 
job. without the necessity of Jbaving it pass through the fabricating shop. 
This great saving would be oft set to a small extent only by the necessity of 
field welding the stiffener plates. 

Fig. .?D snows a bent which varies somewhat from the typical shown 
in Figs. 3A anu 6 m that the 21 WF beams of the end spans run all the 
way oyer the interior columns, the 18 WF beams of the inside and shorter 
spans being connected by shear connections to the deeper beams. A certain 
limited amount or leeway is permitted the individual squad leader in design" 
ing his portion of the subway. In this particular case he preferred to keep 
his beams flush top so that the concrete arches between them, Fig. 5, would 
have their crowns a constant distance below the tops of the beams. If the 
proposed welded design were to be used, however, it becomes important 
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;o have the beams flush bottom and have them meet at the center of the 
:olumns so that their bottom flanges could be welded to the flexible cap 
plate. This can readily be done. The crowns of the concrete arches do 
not necessarily have to have the same relation to the tops of the beams 
where adjacent beams do not differ too much in depth as in the instant case, 
[n Fig- 3B, the deep beam for the left span must run across the right column 
is shown, otherwise too much eccentricity of load is thrown on the column. 
This bent then can be considered as typical, as is the case for about one" 
third of the bents of the subway. 

Erection of Bents—To assist in the stability of the steel during erection, 
and before and during the time the concrete is poured, tie rods are used 
to tie in adjacent bents with each other. Figs. 3 A, 3C, 4, 5 and 6. These rods 
serve no purpose in the completed structure. At present in the riveted 
design, holes are provided in the webs of the beams through which the 
rods are inserted. Each rod has a head at one end and is threaded for a 
nut at the other. It would detract from the welded design to provide 
holes for tie rods because of the extra operation and handling of heavy 
members involved. These would be the only holes in the welded bent. To 
avoid punching holes in the beams in the welded design, tie rods with 
hooked ends are used to engage the top flanges of the beams. Fig. 14. One 
end of the rod is bent over to form a hook and the other end is threaded. 
A small channel clip is slidably mounted on the threaded end of the rod 
and a nut is used to pull it up tight against the top flange of the beam. Note 
in Fig. 3C, the struts taking up the compression induced by screwing up the 
nuts on the tie rods between the nearest and the next to nearest bent. 

In the welded design, because of the absence of holes in the members, 
there is no chance to use erection bolts. To provide for the temporary 
attachment of the beams to the columns, until the welding is done, clamps 
are used, Figs. 13 and 13A, for holding the bottom flanges of the beams to 
the cap plates of the columns. Only a limited number of clamps are required 
as they can be taken off and used over again as the erection progresses. 
Because clamps are not as good as bolts, a certain amount of wood scantling 
should be used as bracing between the bents with additional tie rods between 
the bottom flanges, until the final welding. It is common practice with 
welded structures not over one story in height to use clamps in erection. 
An allowance has been made in the estimate for the extra difficulty had in 
the use of clamps. 

Cost Data—A factor that will tend to reduce the overhead on field 
welding is that on many subway jobs the contractor, or subcontractor, must 
have welding equipment on hand anyway, because it is the practice to weld 
the system of beams supporting the temporary street surface for more or 
less continuity, so that the posts can be shifted as the excavation progresses. 
A temporary street surface. Figs. 3 A and 3C is required in most portions of 
New York so that there is no interruption in street traffic while the subway 
construction and excavation are carried on underneath. The system of 
decking shown in these figures, however, does not require the welding 
noted above. 

A cost record, about the year 1938, of a sample quantity of 225 field 
rivets on the Sixth Avenue Subway is as follows: The 225 rivets were just 
a portion of a much larger amount of riveting the gang was doing. The 
apprentice noted spent half his time with this gang and half his time with 
another gang. 
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Fig. 3c. Steel for 6-track subway. 


4 Structural Ironworkers 1 day @ $16 each..$ 64 

Apprentice for V'i day. 5 

$ 69 

15' t_ insurance on labor, and taxes ----... 10.35 

Plant, etc.....-. 9.00 

Materia: .-.-.. 7.00 

95.35 

Overhead 20 r 19.07 


114.42 

Profit 10 Pc 11.44 

Cost per rivet Total...$125.86 


The cost of held riveting for the typical bent shown in Fig. 6 runs 
higher than this because of the more frequent shifting of riveters from 
place to place, each location having only from four to six rivets in a cluster. 
The riveting in the estimate just given has a higher concentration of rivets, 
as at a station, where the roof beams instead of resting on a column and 
being fastened with four rivets. Fig. 9, have shear connections to longitudinal 
girders with 10 to 12 rivets at each location. On the Queens Plaaa Station 
contract in 1937 for elevated work, the contractor bid $1.00 per field rivet 
for a job having 1.000 field rivets. For the Culver Line Ramp Connection 
in early 1941 for work partly in subway and partly overhead the contractor 
also bid $1.00 for each field rivet. The total number of field rivets in this 
job was 800. For riveting, as compared to welding, there is more detailing 
in the drafting room and the locating of the holes requires more measuring 
and laying out on the steel itself. On the basis of the above data, $1.00 per 
field rivet is used in the estimates following. 
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On the basis of the cost estimating given in the “Procedure Handbook 
of Arc Welding Design and Practice,'” a very conservative estimate of the 
shop welding is 4$ per inch of 54-inch fillet weld* The'field welding, which 
is all flat, is conservatively taken at 8$ per inch of 54-inch fillet weld. As 
noted above for the riveting, there is much climbing around from location 
to location for the field welding resulting in a very'low operating factor. 
These prices also include overhead, insurance and profit. Field workers 
classified as structural ironworkers on the Sixth Avenue Subway in 1937 were 
paid not less than $1.65 an hour pursuant to the provisions of the Labor 
Law of the State of New York. It is assumed that all prices will be post¬ 
war prices. 

Even a considerable relative change in the selected prices favoring rivet¬ 
ing would still show a substantial saving for the welded design. 

Cost Estimates—-The following are the estimates of cost of the riveted 
and welded designs. Where items are common to both designs they are 
omitted from both estimates. Such an item, for example, is the handling 
of steel for erection. The prices are assumed post-war normal prices. 


Cost Estimate for Riveted Bent for 4-Track Subway 
Joints at Interior Columns 


3 Cap plates 8" X 34" X . 

71.10 lbs. 


6 Splice plates 5 1 /2 // X 34" X . 

12 Stiffener angles X X 34" 

52.5 


X 1''7" 

161.0 


Punching rivet holes in beams, splice plates, 
cap plates and stiffeners and holes in roof 

284.6 lbs. @ 2.7p* — 

7.68 

beams for tie rods... 

220 @ 170 

37.40 

Reaming holes in cap plates.-.-.- 

12 @ 200 

2.40 

Field rivets .-.— 

42 @ $1.00 

42.00 

Shop rivets .-... 

30 @ 200 

$95.48 

6.00 

Connections at Side Wall 

Columns 


4 Stiffener Angles 3W' X 3V 2 " X Vs" X 

l'-7" . 

53.7 lbs. 


8 Angles 6" X 4" X 7 /ie X 8% . 

83.5 



137.2 lbs. @ 2.70* 

3.70 

Punching rivet holes in beams and angles. 

116 @ 170 

19.72 

Field Rivets... 

12 @ 1.00 

12.00 

Shop Rivets . 

28 @ 200 

$41.02 

5.60 

Handling of steel in shop for operations. 


9.00 

$145.50 


*Price of steel delivered at shop. 

Prices for labor include cost of detailing, laying out and measuring for 
holes, overhead, insurance and profit. 
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Fig. 3d. Riveted design. 


Cost Estimate for Welded Bent for 4-Track Subway 

Joints at Interior Columns 

3 Cap plates 10" X Ya" X T'6". 114.8 lbs. 

12 Stiffener plates 3*//' X Ys>" X l'-T". 84.5 


199.3 @ 2.7$* $ 5.38 

Field welds—fillet—54" @ 10$. 5.40 

Shop Welds, Stiffener plates fillet. 264" @4$ 10.56 

Slotting cap plates—12 slots @ 20$. 2.40 


$23.74 


Side Wall Columns 


4 Stiffener plates— s l /i" X Y&" X 1^7". 28.2 

2 Cap plates—10" X Ya" X T'6" ___ 77.0 

2 Baseplates— 10" X Ya" X l'T". 55.1 


. 160.3 @ 2.7$ 5! 

Slotting cap plates—1 slots @20$. 

Field welds— YY' fillet—18" @ 1C 
Shop welds— Y&" fillet—132" @ 4( 


4.33 

.80 

1.80 

5.28 


Handling of steel in shop for operations_ 

Additional cost of hooked tie rods. 

Erection clamps and added wood bracing 511 * 


$ 12.21 

5.00 

3.00 

8.00 


JTrice of steel delivered at shop 
* -'Clamps can be used over again for other bents 


Total. 


$51.95 
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Saving of 'Welded Over Riveted Bent for Four-Track Subway 


Cost of riveted bent.$145.50 

Cost of welded bent......... 51.95 

Saving.$ 93.55 


A 4'track bent weighs 3.7 tons. Therefore the saving per ton is $25. The 
saving per mile of subway composed completely of typical bents spaced 5 ft. 
center to center is $100,000. 

Cost Estimate for Riveted Bent for 2-Track Subway 
Joint of Interior Column 


1 Cap plate 8" X V4' X 1''2".-. 23.7 lbs. 

2 Splice plate 5 1 / 2 // X Y%' X 1 , '3"—.. 17.5 

4 Stiffener angles 31 / 2 " X 3i/ 2 " X X 

y,r' ___-.-.- 53.7 


94.9 @ 2.7$ 2.56 


76 @17$ 12.92 

4 @20$ .80 

14 @1.00 14.00 

10 @ 20 $ 2.00 

41.02 
5.00 

Total.$78.30 

Cost Estimate for Welded Bent for 2-Track Subway 
Joint at Interior Column 


1 Cap plate 10" X Va' X 1''6". 39 # 

4 Stiffener plates X 3 /§” X T'7". 28 


67 # @ 2.7$ 

Field welds—fillet 18" @ 10$.. 

Shop welds—Stiffeners 88" @ 4$. 

Slotting cap plate 4 slots @ 20$. 

Side Wall Columns 

Same as for 4-track welded bent. 

Handling of steel in shop for operations.—... 

Erection clamps* and added wood bracing.-.-.- 

Additional cost of hooked tie rods.. 


$ 1.81 
1.S0 
3.52 
.80 

. 12.21 
. 3.00 

. 5.00 

. 2.00 


Punching rivet holes in beams, splice plates, 
cap plates and stiffeners and holes in roof 

beams for tie rods. 

Reaming Holes in cap plates. 

Field rivets . 

Shop rivets . 

Side Wall Columns 

Same as for 4"track riveted bent... 

Handling steel in shop for operations. 


*Clamps can be used over again for other bents. 


$30.14 


Saving of NC elded Over Riveted Bent for 2-Track Subway 


Cost of Riveted bent.$78.30 

Cost of Welded bent. 30.14 


$48.16 

A 2"track bent weighs 2.2 tons. Therefore, the saving per ton is $22. 
The saving per mile of subway composed completely of typical bents 
spaced 5 ft. center to center is $51,000. 
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Other Types of Bent—Figs. 6 and 15 each show a portion of a bent for 
a 4-track subway. The same principles of design apply to a 2-track subway. 
In the latter case there is only one interior column, two roof beams and two 
sidewall columns. A portion of a 6-track subway is seen in Fig. 3C. 

The bents discussed thus far show no beams in the floor of the subway. 
Whenever the floor or invert of the subway is in earth and definitely known 
before the excavation is done to be below ground water level, a steel beam 
invert, Figs. 3B and 21, is used for the bent, the beams extending in a line 
under the columns across the full width of the bent just as the beams rest 
on the columns in the roof. The savings of the welded design, just as for 
the roof beams, can be made in addition for the invert beams. This means 
that the savings over a corresponding riveted bent for a 4-track subway 
with invert beams is $187 or double that of a 4-track bent over a corre¬ 
sponding riveted one having an invert without beams. Where ground water 
is encountered in such localities where its presence was not known definitely 
in advance of the excavation for the subway, a reinforced concrete invert 
is used instead of a structural steel and concrete one. because if the structural 
steel had been ordered in advance and then no water was encountered, such 
steel would be wasted. The structural steel and concrete is preferable to a 
reinforced concrete one because it is cheaper in normal times. It is cheaper 
because by using shallow heavy beams much concrete and excavation can 
be saved. Note in Fig. 3B that the invert beams are shallower than the 
roof beams. In figuring the invert, the live load, that is the street surface 
load, 600 lbs. per square ft. Fig. 6, is neglected. 

The Rigid Frame Bent—Patent No. 2,205,362, dated June 18, 1940 has 
been issued to one Martin P. Korn for a welded rigid frame bent. The design 
of such a bent differs from the one whic h forms the subject of this paper 
in that it requires large brackets at the columns for continuity. In the 
design of the present paper, just the opposite is the case. All beams are 
simply supported, everything being done to allow flexibility. The savings, 
if there^ are any, in the continuous or rigid frame welded design over the 
standard type of simply supported riveted bent, would be in the weight 
of the steei. In the simply supported welded design, there is very little 
saving m weight over the simply supported riveted design, the saving 
being in the labor. 

Any saving in weight in the use of a rigid frame design is discounted 
cy tne ract ^at 20 percent lower bending stresses must be used if the 
standards or design for subways in New York are followed. As noted 
before in this paper, the fiber stress for steel in bending is taken as 20,000 
pounds per square incn, but when the steel has its compression flange set 
in between adjacent concrete arches, as can be seen for the upper flanges of 
the roof beams in Fig. 5, the stress can be raised to 25,000 pounds. Now 
in the rigid frame design, there are reversals of moment. Where these 
occur, the oottom flange is in compression. As can be seen in Fig. 5, the 
small amount or concrete present at the bottom flange is not suitable to 
act^in combination with the steel. Any saving in weight in the rigid frame 
design is further discounted by the extra welding required for the large 
brackets at the columns to provide rigidity at the joints. In the writer’s 
design only a few inches or welding are required for his flexible plate. 

It seems that when tne notice of allowance was received for the patent 
application of the welded rigid frame design, the rights were submitted 
J !p r S f e Bethlehem Steel Company. The Bethlehem people, in order to 

check on its value, brought it around to the engineers of the Board of Trans- 
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Figs. 6, 7, 8 and 9, (left). Figs. 10, 11, 11a, 12, 12a, 13, 13a and 14, (right). 

portation, which Board, as noted before, has charge of the design and 
construction of subways in New York City. The opinion of the engineers 
was that the design was not acceptable, irrespective of the fact that they 
do not permit welding for main connections. The design was not acceptable 
on the ground that continuity of the members was relied upon. 

It is not feasible to rely on continuity under the conditions present 
in a large city because, while a subway is a structure buried in the ground, 
the ground above the structure is every so often excavated part way across 
the width of the subway or all across its width for the laying of pipes, sewers 
and duct lines. Further, the continuity depends also on active lateral earth 
pressure against the sidewalls of the subway to produce counter moments. 
If the earth is in a compacted condition along the side of the subway, side 
pressure is non-existent. Passive pressure often cannot be induced because 
of the disturbance of the soil adjacent to the wall caused by the sheeting used 
for the excavation. In the roof also, arching of the earth may occur over 
various areas. The sise of the brackets is definitely limited by the train 
dearance. The space occupied by the brackets is •wasted. It is often used 
for conduits or a compressed air line. 

A subway differs from a bridge in that with the latter, the dead -weight 
of the bridge is a considerable portion of the total load. "With a subway, 
the weight of the subway structure itself is small in proportion to the load 
to be carried by it. The weight of the subway structure in Fig. 6 is 200 
pounds per square foot of roof while the total load is 2050 pounds per square 
foot. Any relief of cover load and surface load due to excavation or arching 
action of the earth would seriously decrease the counter moments and 
hence render weak those parts of the structure taking full load. 

Another factor which should reduce the saving effected by the rigid 
frame construction is that it requires a steel tie in the invert. By far the 
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greater part of subway construction is of the type shown in Fig 6 requiring 
no steel in the invert. Only in isolated cases is steel required m the invert, as 
when the latter is below ground water level as seen in Figs. 2, 3B and 21. 
The invert below ground water level in rock also requires no steel, as no 
upward pressure is developed because the water is allowed to drain into 
the structure through openings in the invert. 

There is no question that the rigid frame bent is more spectacular. It 
appeals to the pride of an engineer because of its display of technical skill 
and knowledge, yet the simple loose jointed bent is better suited to satisfy 
the required conditions. 

Overcoming Objection to Welding—To help overcome any reluctance 
to the use of welding, consideration should be given to the fact that the roof 
beams rest directly on the columns so that even with poor welding no failure 
could occur from downward load. It should be remembered that the roof 
members cannot move sideways because of the concrete between them. 
Further, an occasional poor weld would not make the structure too weak to 
take the side pressure, because the remaining welds at the connection, just as 
in the case of rivets, would take additional stress, the effect of friction be' 
tween the roof beam and the sidewall column would supply resistance and 
the fact that the subway structure can be thought of as an elongated box or 
conduit where each bent can act to help out its neighbor rather than a sue' 
cession of isolated bents. This was proved in the derailment noted before 
where five successive interior columns were knocked out. In other words, the 
point is here made for those who do not trust welding, that even if all the 
welds were no good, there would be no failure as far as tbe effect ot down' 
ward” load is concerned, and no failure from side pressure, even if there were 
occasional defective welds. It seems reasonable to assume, in view of the 
present development in the art, that there is only a likelihood of an occasional 
defecti ve V/d. Trained welders will be plentiful after the war because so 
many men are learning this trade ror war production. 

While the design given herein is for welding the typical section between 
stations, the welding problem is readily solved for the many shear connec' 
tions, heavier steel work and larger stresses encountered at tbe stations, but 
because of the reluctance of those having the final say to use welding at all, 
it is thought best to start with the simplest form first. This is not so much 
of a limitation as it sounds, because two-thirds of the length of the subway 
is made up of bents of this simplest form. 

Proportionate Cost Savings—The saving in weight of a welded bent 
over a riveted one is only about 2 percent, the principal saving being in 
labor. 

As seen from the cost estimate for riveted bent, the saving for a 4'track 
■welded bent is $94. Such a bent weighs 3.7 tons. Therefore the saving per 
ton of steel erected is $25. It must be remembered that the riveted bent 
chosen as a criterion was an average one, the average being chosen from a 
consideration of many miles of subway already built. The corresponding 
saving for a 2'track bent is $48 per bent. Such a bent weighs 2.2 tons. There' 
fore the saving per ton of steel erected is $22. 

In order to arrive at a proportionate cost saving, it is necessary to fix a 
price per ton of subway steel erected. This will be done by considering the 
contract prices bid on several miles of subway during the years 1928T930. 
It Is believed that post-war prices will be about on this level. 

The following is a tabulation of the contract prices for furnishing and 
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erecting steel on a few sections of subway forming parts of the Inde- 
pendent System. 

Queens Boulevard and Hillside Ave. Subway 



Section 

Tons 

Price per Ton 


5 

13,200 

$ 94 


6 

12,500 

110 


7 

6,800 

106 


8 

14,820 

95 


9 

9,700 

99 


10 and 11 

7,800 

90 


Fulton St. Subway, Brooklyn 


Route 

Section 

Tons 

Price per Ton 

7l0 

1 and 2 

14,080 

$101 

3 

5,150 

105 


4 

7,700 

100 


5 

5,520 

95 


On the basis of these figures, it is fair to assume a price of $100 per ton 
for the riveted steel. For a 4-track bent, the saving of welded construction 
being $25 a ton, the proportionate cost saving is 25 percent. Likewise for 
a 2-track bent, the saving for welded construction being $22 per ton, the 
proportionate cost saving is 22 percent. 

The saving per lineal foot of subway, remembering that the bents are 
Eve foot centers, for a 4-track subway is about $19, and for a 2-track subway 
about $9.50 or at the rate of $100,000 per mile for the former and $50,000 
per mile for the latter. 

Gross Savings—Plans are now being prepared for several short stretches 
of subway, so that after the war emergency, work can start on them without 
delay. The welded design could be used for portions of them as follows: 

Extension of Fulton Street Line—Grant Ave. to 106th St. Queens. 

Welded design could be used where the tracks are on one level between 
| stations except crossovers. This is for a distance of 2,240 feet. About two- 
! thirds of this has invert below water. It is a 4-track subway. Fig. 21 applying 
f to the part below water at twice the saving per bent over that above water. 
Saving would be $70,000. 

Connection for 60th St. Tunnels to Queens Boulevard Line. 

Final layout not yet decided. A proposed scheme was in accordance with 
Fig. 22. If this scheme be selected, 2,400 feet of it will apply. Saving would 
be $52,000. 

Connection from the Culver Line to the West End Line via Ft. Hamilton 
Parkway. 

Two-track line above water. About 3,840 feet of it is suitable for the 
welded design. Saving would be $37,000. 

Connection from Lenox Ave. Locals to 8th Ave. and 162nd St. 

Two-track line. About 2,920 feet of it is suitable for the welded design. 
One-half of it is under water. Saving would be $42,000. 

There would be a total saving of $201,000 if welding instead of riveting 
¥ were used for the above noted projects. 

I In addition to the subway projects for which detailed plans are now 
1 being prepared for immediate post-war work. New York has an extensive 
| program of future subway construction. A study of the present subway 
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Figs. 15, 16, 17, 18, IS and 20, (left). Figs. 21 and 22, (right). 


systems will help arrive at an idea of the possible extent of use of the welded 
design in future subways. 

There are three systems of subways in New York City which have been 
constructed in the last forty years, namely:—the Interborough Rapid Transit 
Company. The Brooklyn-Manhattan Transit Company and the Independent 
System. All three systems were built by the city, but until recently only the 
last was operated by it. The Independent System is the latest one to be built. 

The following table gives the approximate mileage of these systems: 


System 

Route Length of Subway 

Length of Single Track 

IRT 

43 miles 

130 miles 

BMT 

29 miles 

82 miles 

IND 

5 3 miles 

185 miles 


Total 397 


No welding at all was used for the bents of the IRT and BMT systems. 
They were built too long ago. In the Independent System, which has been 
recently built, except for some occasional welding of cap and base plates to 
columns, no welding was used. 

Contrary to popular belief, very little subway construction for urban 
railroad traffic is of the ring type having a cast iron or steel liner. This is 
used only in deep tunnel in earth. Even under a river, when rock is encoum 
tered it is not used, a concrete lining being used instead. 

Of the 53 route miles of the Independent System, about 9 are of special 
construction including some of ring type and about 10 are occupied by 
stations, leaving 34 miles or about twoThirds of the total of a type adapted 
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for the proposed welded design. It is reasonable to assume that about the 
same proportion of the route mileage of future subways will be suitable for 
the welded design. 

The 53 route miles of the Independent System consist of 39 miles of 
4 -track and 14 miles of 2-track line, making about 73 per cent of 4-track 
line. Of the 125 route miles of all three present systems, about 73 are of 
4 -track and about 52 are of 2-track construction, giving about 59 per cent of 
4 -track construction. 

It appears from studies made that for the first 15 years after the war, 
about 50 route miles of subway will be built, after that, in the course of 25 
years more, an additional 100 route miles. Although the analysis given above 
shows that in the past about 59 per cent of the subway was of 4-track 
construction, the gross saving on future construction will be made conserva¬ 
tively on the basis of 40 per cent. 

Remembering that the welded design given herein applies only to two- 
thirds of the route mileage, the gross savings for the next 15 years would 
be:— 

50 miles X 40% (4-track) X 2 A @ $100,000 per mile $1,333,000 
50 miles X 60% (2-track) X Z A @ 50,000 11 M 1,000,000 

Total. $2,333,000 

The gross savings for the subsequent 25 years or for an additional 100 
route miles on the same basis would be $4,700,000, making a total saving 
for the next generation of about $7,000,000. 

Other cities are considering subways. Boston and Philadelphia have sub¬ 
way systems. Chicago has made a small beginning. Detroit and San Fran¬ 
cisco have plans. For years there have been studies made for a large suburban 
and interstate transit system connecting New York City and vicinity with 
adjacent New Jersey territory. A considerable portion of this system would 
be in subway. 

Because of the nature of the structure there is no question of increase 
in service life or efficiency of the welded bent over that of the riveted one. 
The welded bent has the social advantage of welding in general over riveting 
in that it is noiseless, so that people living in the vicinity of subway construc¬ 
tion will not be annoyed by riveting hammers. A large proportion of subway 
construction passes through important congested areas where noise is 
undesirable. 

The opinions expressed in this paper are the personal ones of the author. 




Chapter XI—Arc Welded Sculpture 

By Fred Clarke, 

Instructor of Welding, Moose Jaw Technical High School, Moose Jaw, Sash., Canada. 


Subject Matter: A procedure for building up a statue from four 
photographs of a model. The parts of the figure are built up 
'by a combination of arc welding, heating and forging. To date, 
two S-foot statues have been completed, one entitled, “Man 
of Industry” and the other of Winston Churchill. The cost of 
the first was $392.75 and of the latter $523.60. 


In the first part of this paper the author explains why we started in arc 
welded sculpture. 

To assist in this, the building of our first statue is described briefly. This 
was planned and constructed in June 1939. 

The rest of the paper is devoted to the statue of Winston Churchill. 
This latter statue, presenting many difficult problems over our first attempt, 
was planned and constructed in June 1941. A large memorial with a group 
of statues was planned but has been put aside for the present due to steel 
priorities. 

As welding instructor in a technical school, the writer is forever con' 
fronted with the perplexing problem of designing projects that will suitably 
illustrate the subject matter being taken—projects that will supply the con 
rect type of practice-welding and lastly, projects that are suitable for display 
at the exhibition of student work that is held at the end of the school year. 
This last consideration is the most difficult. 

Small individual projects such as practice-pieces in the many types of arc 
welding handle the teaching portion of the project work. Fabrication of bench 
vises, grinder stands and other pieces of equipment, supply the students with 
suitable projects for practice of setting up, fitting, study of effects of expansion 
and contraction and many of the technical phases of arc welding. However, 
this type of project is not the best for display purposes. Good welding has 
an appeal and interest to the mechanically-minded man, but means very little 
to the man following non-mechanical lines, or to the ladies. Our problem 
then, was to endeavor to design a project using arc welding, one that would 
not be of a mechanical nature, something that would appeal to everyone. But 
it must necessarily embody sound welding practice and be practical. 

The art of welding is an often-used phrase—then, why not use welding 
in art. Objects of art are pleasing to everyone. The ideal display project 
then, must be some work in one of the arts. It is obvious that the art of 
Sculpture is the easiest to be adaptable to the arc welding process. 
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Sculpture, the art of designing in relief or in the round, is one of the 
i oldest arts practiced by man. Down through the ages, man modelled or 
carved objects of beauty or everyday interest. A large number of materials 
and methods were used in this work. Fundamentally, they can be divided 
into two classes; one in which solid materials—such as wood or various kinds 
of stone, are cut, chipped, or rubbed into the desired shape. In the other, 
plastic materials such as clay or wax are moulded into shape. This latter 
method, however, produces fragile objects, necessitating a further process 
of casting the finished sculpture in bronze or some other suitable metal for 
permanency. 



Fig. 1. Photographs for statue, "The Man of Industry." 


Sculptures are essentially for display purposes. Museums, famous build' 
ings and art collections have lavish displays of the work of old masters, some 
of whose names are long since forgotten. Parks and other public places exhibit 
the work of our modern sculpture in the form of memorials, fountains, or 
statues of prominent persons. Into this field of noble art we are going to 
ft modem practice to sculpture in steel, using the arc weld instead of chisels 
or moulding tools. 

Arc welding is quickly displacing the rivet and bolt and Has outmoded 
the idea of casting machine parts in weak brittle metals. Strong ductile units 
are quickly and easily fabricated; in fact, the arc weld with its speed and 
efficiency is changing the entire field of production in metals. More and more 
of the articles of our everyday life will be adapted to manufacture by arc 
welding. 

The field is unlimited. I am endeavoring to show in this paper that arc 
f welding could have a definite place in modern sculpture. If it can be made 
of metal, it can be made by arc welding. 

It is a recognised fact that the best way to build any structure is to have 
a drawing made first, so that proportions and measurements may be worked 
out. Our first problem then, was to make some picture from which to work. 
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This portion of the job was easily solved. A model was posed and four 
photographs were taken as in Fig. 1. 

The photographs in Fig. 1 were taken at equal distances away from the 
model and all at the same height from the ground. This, to enable us to 
measure directly from the pictures. To facilitate measuring, a special scale 
was made. This scale was marked to divide the height of the figure in the 
photographs into 96 parts. The finished statue was to be eight feet tall so, 
one graduation on the special scale was transformed to one inch on the statue. 
These measurements are all taken from flat pictures, having no equivalent to 
the top view of a blue print. However, by taking measurements from two or 
more views, any length can be wonted out. 

Our first attempt at arc welded steebsculpture proved interesting and 
the results were most gratifying. This statue, (See Fig. 2) "Man of Industry,” 
is the figure of a man eight feet tall. He gases intently at the micrometer 
held in his hand as he measures a small crankshaft. 
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Our Man of Industry created a sensation when put on display. It 
was the center of attraction at the school exhibition, and the City’s annual 
fair. The Park s Board asked that it be placed permanently in one of the 
public parks. Our school board, however, decided that it would be more to 
their liking to be placed on a suitable foundation on the Technical School 
grounds, where it stands at the present time. 

Four student welders under the supervision of the writer, were put on this 
job and carried it through to completion—none of these, having had any 
previous experience in this particular class of work. 

All plating of the figure was done using % 6 dnch mild steel plate. This 
size seems most suitable, having sufficient stiffness to be forged without the 
tendency of wrinkling which would occur with thinner material. It is also 
light enough to be shaped easily into any compound curve when heated. 



Fig. 3. Photographs for statue of Winston Churchill. 

The plating proceeds as follows: 

1 . Measurements of the parts being worked upon are taken from the 
photographs using the proportional scale. 

2 . A piece of plate is cut to these measurements leaving extra metal all 
round; this allows extra metal for working and is trimmed later, ensuring 
close fit'up. 

3. All simple bends are made on the plate using a hydraulic press. 

4. The piece is fitted, by trimming one edge (with a cutting torch) to fit 
one side only. 

5. The plate is positioned so that a portion of this joint may be welded. 

6 . Braces are welded in tying the plate to the inner frame, at any point 
that is at the correct distance from the center. 

7. Compound curves are made by heating the metal in small areas at a 
time and hammering. Working the piece slowly to the desired shape. 
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8 . The plate should lap the pieces next to it, due to the extra metal that 
was allowed. This extra metal is now cut off, using the cutting torch. The 
metal is then hammered so that the joint is flush. 

9. All joints are welded. 

10 . Small intricate parts that would be difficult to shape by bending or 
forging, are formed by building up the desired shape, using small electrode. 

11 . Built up metal may be heated with a torch and finished with a hammer. 

It will be understood, of course, that the making of this statue was not a 

commercial venture, being primarily a school project. 

We are able to keep our costs quite low, as most of the steel used is 
either donated, or taken from the scrap pile. Student labor costs nothing, 
and welding supplies are obtained at a liberal discount. However, to make 
up a cost sheet that would present a true picture of cost in a commercial way, 
the writer has disregarded our low prices and donations of materials, and 
figured time and material at current market prices. No overhead cost, or 
profit is shown in these figures. 

Cost of Man of Industry 


mild steel plate—for plating figure—800 lbs. @ 8 <Z ..$ 64.00 

One quarter O/ 4 ) mild steel plate—for base—150 lbs. @ 8$. 12.00 

3 inch tubing for inner frame—75 lbs. @ 126.. 9.00 

Shield arc electrodes—60 lbs. @ 17<?.. 10.20 

Bare electrodes for hair—8 lbs. @ 9^. .72 

Qi .rrent for arc'welder @ 15£ per hour—52 hours. 7.80 

Kabor for welder—130 hours @ $1.25. 162.50 

POxygen for heating and cutting—1260 cubic ft. 18.90 

Labor for helper—133 hours @ hours @ 50<?... 66.50 

Acetylene for heating and cutting—940 cubic ft... 18.80 

Paint—3 quarts @ $2.35......— 7.05 

Buttons. Turning in lathe—1 hour @ $1.50. 1.50 

Micrometer. Turning in lathe—3 hours @ $1.50. 4.50 

Photographs ....... 2.80 


TOTAL .$386.27 


After having had such excellent results from our first statue, we decided 
to attempt something more difficult. We would try a statue of some 
prominent man. 

This would have to be just right; it would have to look like some definite 
person. ^ Winston Churchill, Prime Minister of Great Britain, seemed the 
ideal subject. No stronger character or more colorful man has ever lived. 
We vrould make the Man of Iron into an “Iron Man. 11 

First a number of photographs of the Prime Minister were collected from 
newspapers and magazines. These were studied. By doing this we were 
able to judge the approximate height and weight of Winston Churchill. By 
careful check of a number of pictures, it was possible to decide his natural 
stance. With this to work on we located a man having the right height, 
weight and build, to act as a model. He was dressed in the style of clothes 
usually worn by the Prime Minister. He was posed and four photographs 
were taken, (See Fig. 3). This of course, would not do for work on the face 
and head. Photographs must be especially posed if measurements are to be 
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Fig. 4. Scale drawing for full-face view. 

taken from them. We had only one view of Winston Churchill's head, that 
appeared to be taken at the right angle of our purpose—this was a profile 
view. 

Using this picture, we made a scale drawing and obtained the measure¬ 
ments for a full face view, (See Fig. 4). This drawing was easily made by 
ruling the photograph into squares—the squares being drawn to scale, one 
square on the photograph proportioned to equal one square inch on the 
drawing. This drawing was made full si£e for the eight foot figure. From the * 
photographs a picture of the model was drawn minus the head. 

A picture of the head proportioned to the si^e of the photographs was 
then drawn in, (See Fig. 5). This composition picture with Winston 
Churchill's head was used to obtain measurements for correct relations be¬ 
tween the head and the body. A proportioning scale was used as with the 
first statue. 

The building of the statue is carried on in a carefully planned manner— 
constructing and assembling the parts in the most convenient sequence, so 
that one part when completed will not interfere with the making of the 
next. The planning of various statues would differ in sequence of building. 
On this one, it was most convenient to follow this course: 

1 . The pedestal 7. Sleeves (half) 

2 . The inner frame 8. Hands 

3 . Shoes 9. Finish sleeves 

4 . Trousers 10. Buttons and trimmings 

5. Head 11. Grind 

6 . Coat 12. Paint or finish 

A detailed description of the construction follows: 
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The Pedestal —A piece cut from an old steam boiler was used for the 
upright. This measured three feet ten inches high. Its diameter was in' 
creased at the base by adding a step all around. The top was bridged across 
with pieces of heavy angle iron to make a support for the statue. The top 
edge was heated and forged round to finish that portion. A large slab was 
then cut away and a flat plate fitted in and welded to form a surface for the 
inscription. The letters were cut out of quarter (!/^.)'inch plate and holes 
drilled through them in a number of places. 

Quarter (J4)'inch steel pins were welded into the holes. The pins were 
put through holes previously drilled in the inscription plate, and welded on the 
inside. This makes the letters stand out in relief with no welding visible. A 
plate was then fitted into the top of the pedestal. This plate is not welded 
to the pedestal, but is held in place by three screw r s drilled and tapped into 
the supporting angle iron. The statue is then welded to this plate. This 
makes it easily detachable to facilitate moving. 

Before starting the actual figure, an inner frame made of three inch 
steel tubing was constructed to carry the weight and form a rigid structure 
for the foundation. By consulting our drawn picture, (See Fig. 5), a frame 
was designed to support the figure and be in the most convenient position 
for bracing the plates. This frame was then welded to the plate on top of the 
pedestal, (See Figs. 6 and 7), and angle braces were put on to stiffen the joint 
—-these angle braces being covered by the shoes. A cross'section just below 
the waistline of the figure was plotted out referring to the four photographs 
for measurements. A piece of quarter (3/4)dnch plate was cut, this being 
the center brace for the body. This plate was then welded to the frame 
at the correct height—this assisting greatly in assembling the trousers. Two 
circles are welded on to the upright legs, to hold the trousers at the cuffs. 
These circles are not welded until after the shoes have been completed. 

Shoes—A piece of 24'inch plate is cut to the exact shape and size of the 
sole of the shoe—the length and width and height being measured from 
the photographs. This piece is bent in a press to the correct shape. Four pieces 
were then cut for the heel, these pieces being stacked to make the desired 
height. Holes are cut through the heebplates and a hole and slot through 
the sole'plate, to allow the inner frame to pass through, to be welded to the 
top of the pedestal'plate. These parts naturally must be formed and slipped 
on before the inner frame is welded. Soles and heels are then positioned on 
the pedestal plate and welded through holes to the base plate. The piece 
at the back of the toe'cap is made next. This is cut roughly to shape, turned 
in at the lower edges, and tacked into place. It is then heated with an oxy' 
acetylene torch and forged into shape, the welding is then completed from 
the inside. A piece is then cut to shape to make the back and sides of the 
shoe. This piece is also bent inwards at the bottom, where it contacts the sole, 
a portion being brought into shape and welded on the inside. The balance is 
then heated, a few inches at a time and forged into shape, welding as it is 
lined up. The part around the heel is welded flush with the edge of the sole 
plate, allowing the plate to curve outwards and upwards; the portion to the 
front of the shoe is about one quarter (Xt) of an inch in from the outer edge 
of the sole. A tongue is welded in. Then the sides are heated and forged 
down, no welding being necessary at this point. 

The toe'cap is the most difficult part of the shoes, as welding is carried 
on from the inside—the toe'cap being made of one piece forged partly to 
shape, a cut is made in the top and the metal opened to facilitate welding 
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to the sole from the inside. This opening is then heated and hammered, closed 
and welded. This cap laps the part of the shoe next to it. 

No shoe laces were needed on this statue, as the trouser cults come 
low over the shoe tops. On the Man of Industry, laces were made using iron 
wire, flattened to the correct shape and threaded through drilled holes. Short 
pieces were used, tying two holes together. These were tacked into place 
with the arc. 

Trousers—These are made of long narrow plates extending from the cuff' 
ring just above the shoes, to the plate attached to the inner frame below the 
waist, with the exception of the portions on the insides of the legs. These are 
welded to the cuff'ring and brought to the correct position to form the crotch, 
then welded from the top or the inside. 

AH plates were partially shaped in the press; wrinkles measured from 
the photographs are either pressed or forged in. The edges of the plates were 
heated with the torch and hammered flush before welding with the arc. The 
cuffs were welded on last. These are formed in two pieces having the lower 
edge turned in to a radius approximately %'inch. The cuff is then welded 
on the inside and hammered back to the trouser leg. 

Head—This of course, is by far the most interesting part of the com 
struction. A plate about three inches wide is cut and bent to the shape of the 
full-sized profile drawing, (See Fig. 4), running from above the eyes back 
to the collar at the neck. A collar is then made and welded to this strip at 
the correct angle. Two plates were cut and shaped roughly, these extending 
from the inside of the collar to a point bounded at the top by a line running 
from the top of the ear to the center of the eyes and on the sides by the 
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front of the ear and a line running straight down from the outside of the 
eyes. Two more plates were cut and forged to shape, connecting these face 
side-plates with the head profile strip. All joints were welded, we now had 
something more solid to build on. 

The balance of the head was then plated in, rouglvbending in the press, 
welding any part that would fit, then heating, hammering into shape, and 
finishing the welds. After the skull portion was finished, the face was built 
in. Two pieces were shaped for the roll under the chin, and welded to the 
collar to each other and to the face sideplates. The chin is one piece forged 
to shape and welded on, a deep crease between the chin and neck roll being 
formed by bending in the edges and welding on the inside. 

Next the upper portion of the mouth extending below the nose and run¬ 
ning down the creases below the cheeks, was bent into shape and welded on, 
at the sides of the mouth. 

The chin and this latter piece do not run around to the face side-plate, it 
being more convenient to fill this in after these parts are in place. The lips 
are not worked upon until the entire face is assembled, as the facial expres¬ 
sion is obtained from this point. Now the cheek-plates are formed and welded 
in, and these fill in the balance of the face, leaving holes for the nose and eyes. 
The nose is made in two pieces, one on each side, rough-shaped and welded to 
the cheeks, the unwelded seam down the center is then heated and hammered 
into shape and welded, a small bar being welded in to separate the nostrils. 
To obtain the correct shape, it was necessary to add a little metal in places. 
This was heated to a white heat and forged smooth. 

The bulges below the eyes were put on next, then the curving piece be¬ 
tween the eyes and forehead. Eyelids are small pieces welded into place on 
the corners of the outside and a shallow weld on the inside to make a deep 
crease just above the eye. The eyes are small pieces of plate dished by ham¬ 
mering and welded into place on the inside. Eyebrows are easily made by 
welding on a curving bead. 

The ears are easily made, although, they appear difficult and com¬ 
plicated. Fig. 9 shows a close-up of the head. A piece of plate is cut to 
shape allowing an extra half (V 2 ) an inch of material for bending to 
form the ridge on the outside, which extends down close to the lobe. The 
piece is heated at the area of the ear passage, and is dished deeply by ham¬ 
mering. The sides are bent out to form the outer ridge, then, using a small 
electrode, the ear detail is built in. By examining the ear of one of the 
students from time to time during this operation, very close detail was ac¬ 
complished. The sides of the head were heated and dished to fit the dished 
portions of the ear cavities. The ears were then welded on the front and also 
at the back of the dished portion. 

The lips were next built in, using a % 2 -inch electrode. The deep crease 
on the side of the mouth being forged in, completed the construction of the 
bead except for the hair. All welds were ground smooth with a portable 
grinder. 

First the hair was drawn on with chalk, running the lines in the direction 
the hair is worn. Stringer beads were then run side by side, starting at the 
front and running back, following the chalk lines, the hair being thin on top 
and thinning out to the bald spot on the crown. The sides being .quitej u ^'"' -a ’ T ' 
necessitated building out. A bare electrode % 2 "inch in diameter was 
the best for the formation of the hair. 

It is the writer’s opinion that this method produces realistic^ hai^faster 
and easier than that produced by the conventional method 
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Fig. 8. Wavy hair made of stringer beads. 

Almost any hair style can be quickly and easily formed. Waves are built 
up with plate and stringer beads are run over them. Fig. 8, '‘Man of In/ 
dustryY* head, shows front waves with hair combed back. For deep waves 
the stringer beads are run far apart, or some may be missed out altogether, 
to obtain the correct effect. Parting in the hair may be formed by missing 
a bead or by starting the beads at the parting and running away from in 
which ever way the hair is worn. Grinding will take the tops off of the beads, 
leaving a sharp lined effect much the same as is usually used on the cut or 
chipped statue. 

The finished head now had the bow tie welded on to the collar. It was 
then carefully set up on the top of the inner frame and welded. 

Shirt—The shirt is made of a triangular piece of plate curved slightly; 
a band of mild steel was used to make the shirt seam. This was welded at the 
top and at the bottom underneath the coat. A shirt button was welded on 
through a hole in its center. 

Coat—The front of the coat consisted of two plates, one on each side— 
the plates being lapped and welded from the inside. They are not lined up 
tightly, bun are allowed to gap here and there a little. Flat bars on edge tie 
the coat piares to the inner frame. The top portion of the back, (See Fig. 
10), is of one piece, pressed to rough shape and then heated and the metal 
rounded at the armholes and shoulders. A piece of plate joins the back and 
front of the coat across the shoulders. Then the balance of the coat was 
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blocked in. The lapels and collar were then made up, the edges rounded 
and welded on the inside and then hammered down. The sleeves are made 
of two pieces, the first part being the portion close to the body. This was 
edge-welded on the inside, that being the easiest method, owing to the 
narrow width between the coast and sleeve at this part. The outer part of the 
sleeve was made, but was not welded at this time as the hands must first be 
made up and welded on to the inside of the sleeves. 

Hands—Two of the well known Winston Churchiirs character'stics were 
placed in the hands. His ever present cigar, and his rather peculiar shaped 
hat. The hands were made, using standard iron pipe. First a piece of three- 
inch pips was heated and flattened to form the palm. The balance was split 
and a piece taken out. The split portion was then heated, closed up, and 
forged to the shape of the wrist. Small pieces were then shaped and welded 
to form the lower portion of the thumb. One-inch pipe was used on the rest 
of the thumb. This requires some building-up and hammering to obtain the 
correct shape. The fingers are made of one-inch and three-quarter inch pipe. 
They were cut to she; then wedges were cut out to facilitate bending to 
the desired shape. These were welded, and small pads built up on each side 
of the weld on the inside of the fingers to form the creases at the knuckles. 

Finger-nails were made by grinding a low spot on the finger-ends, and then 
fitting a piece of thin steel and welding with a small electrode. The thumb 
was welded to the hand first, and then the cigar (or hat, whichever was the 
case) was welded to the thumb. The rest of the fingers were carefully 
positioned and welded into place. 

The back of the hands and knuckles required extra metal to bring them 
to the desired shape. This was easily built up with the arc. By careful ma¬ 
nipulation, the chords and irregularities of the hands were built in. A little 
grinding and hammering completed this part of the job. A short sleeve cuff 



Fig. 9. Welding on shoulder plate. 
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was welded on to the wrist. Short brackets were then welded into the half¬ 
sleeves, to which the hands were welded, (See Fig. 11), these brackets holding 
the hands so that they come out in the center part of the sleeve. The outer 
half of the sleeve was then welded in place to complete this operation. 

Six small sleeve buttons and three large coat buttons were turned in the 
lathe, holes drilled in the centers and then welded in place through the holes. 
All welding was now completed. 

The job was then checked for accuracy of detail. A few creases were 
then added by heating the metal with a large oxy-acetylene torch and forming 
them, using specially shaped tools. All welds were then ground smooth with 
a portable grinder. 

The finished statue was given a coat of metal primer followed by two 
coats of dull black paint to protect it from the elements and bring it to a 
uniform color. 

Our efforts were not in vain, our first statue had been a sensation, this one 
was doubly so. Again the welding department held the feature position at 
the school exhibition and at the city’s annual fair. The statue now stands at 
the intersection of the two main streets, the most prominent place in the 


Cost 


Tie Mild steel plate—1050 lbs. @ Sp....$ 84.00 

14 :r.ch plate—201' lbs. @ Sc.... 16.00 

plate—::: lbs. @ Sc. 8.80 

^ir.ch tuning—95 lbs. @ 12p----. 11.40 

Shie.c arc electrodes—"5 lbs. @ 17c..... 12.75 

Bare electrodes—7 lbs. @ 9c . .63 

Current for arc welder—S2 hours @ 15p........ 12.30 

Oxygen for heating and cutting-—1520 cubic ft. @... 22.80 

Acetylene for hearing and cuzzing —1125 cubic ft. @. 22.80 

Labour for welder—ISO hours @ $1.25.... 225.00 

Labour for helper—ISO hours <§) 50c..... 90.00 

Paint—3 quarts ...... 7 95 

Buttons turning in Lathe—2 hours @ $1.50... 3 .00 

Photographs....... 2.80 


Total Cost ...$519.33 


The construction cf this statue was carried on by a class of ten boys, 
ranging in age from 16 to 2u years. As m the case of the other statue, none 
of these had any experience, nor could claim any talent in sculpture work. 

Little actual^ sxnl ^ m sculpture was found necessary to fabricate the 
statues. It coma be massed more as an engineering project, rather than an 
art. Scale, spirit lovely and plumb-bob were relied upon. Measurements 
were frequently taken irom a plumnea straight-edge erected at the back or 
the front of the statue. Erection lines were used on the pictures, these lines 
correspond to the plumbed straight edge. Measurements were easily made, 
locating the height on the line and measuring in from that point. By this 
method, measurements were converted from the pictures to the statue. 

An arc welder of average ability can do this class of work. He must, of 
course, have patience and some imagination, and be able to measure correctly 
and <w_urately. With some small grinding equipment, such as used in die 




















Fig. 10. Construction of coat. 


making, better results than were accomplished by us could be easily attained. 
This work could be developed by experience into some magnificent works of 
art. 

It is true, of course, that iron or steel, (with the exception of a few 
alloys) has not the lasting qualities of bronze or stone, unless it is painted 
every few years. However, this rusting away of steel is being controlled 1 by 
the use of new alloys, so that durable statues can be built of this material. 

There are a number of processes also, that can be used to protect the 
metal, some of them produce a finish of pleasing appearance as well. 
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The metalizing process could be very successfully utilized to put a pro* 
tecting coat on to this type of statue. This process for finishing has won- 
derful possibilities, in it, the metal being coated is roughened by sand blast¬ 
ing, then it is sprayed with molten metal, much the same as paint spraying. 
A good mechanical bond is accomplished between the sprayed metal and 
the work. Almost all metals may be applied by this process. By first assem¬ 
bling a steel statue by arc welding then spraying with a suitable corrosion 
resistant metal, a large number of colors or color combinations could be 
obtained; various bronzes and brasses, copper aluminum, stainless steel, zinc, 
lead and many others may be combined together to produce both attractive 
and durable combinations impossible to obtain by any other method of 
sculpture. 

The conventional methods of sculpture are limited. to certain styles of 
construction. In the chipping or rubbing out of stone, it is impractical to 
produce thin or complicated sections due to the brittleness of the materials 
being used. Stone has a definite grain structure, and behaves somewhat the 
s am e as wood in that regard—that is, being very weak and brittle across 
the grain, consequently making it difficult to carve small protruding parts. 
There is always danger of chipping or breaking of parts in moving a finished 
statue. With this to contend with, the design does not altogether lend itself 
to lifelike production; clothes worn by a statue cannot be made to appear 
apart from the figure, but must be a part of the general outline, giving an 
impression of thickness. 

In toe rn del ling of plastic material, certain liberties may be taken over 
the previous method, however, as the finished model must be used as a pat- 



Fig. II, (left). Right hand welded to bracket in sleeve. Fig. 12, (right). The all welded 
steel statue of Winston Churchill. 
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tern for casting, the work must be executed with this in mind. This cuts 
down to a great extent the freedom that could otherwise be used in the 
finished sculpture. 

The arc welded steel sculpture eliminates all of the difficulties encoun¬ 
tered in the previous sculpture methods. Greater freedom of design may be 
employed, complicated parts may be made separately and assembled to the 
statue later. There is no brittleness or weakness in any part, complicated 
protruding parts may be put on with no danger of breaking off. If errors 
are made they can be easily corrected, by cutting out the part with a cutting 
torch and rebuilding or plating the part to the correct shape—an impossible 
thing to do in stone cutting. Casting procedure is entirely eliminated so that 
pattern design can be ignored and lifelike appearance attained. The arc 
welded statue is easily and quickly built, not requiring the skill and care so 
necessary in successful sculpture of clay or stone. 

Comparison of price between the arc welded procedure and the other 
methods of production is a difficult thing to do. The author has not had the 
opportunity to study costs as applied to methods, other than arc welding. A 
number of small statues have been erected in the district in the past few years 
—these in the form of memorials. These statues were all imported from 
Italy, a source now closed for the duration of the war. The price of these 
statues range from $600 to $1200. They are in the form of commercial shapes 
only. For example—an angel, Christ, a soldier or a child. 

The cost of a statue of a definite person usually runs quite high. Prices 
quoted for a life sffie statue range between three and four thousand dollars 
for a stone figure, and somewhat higher for a bronce figure. The arc welded 
steel statue easily competes with these prices. 

This is not, of course, in the general run of arc welding but with its 
marked advantages, ease of construction, and comparative low cost, it opens 
up a field that has never been as broad as it is at the present time. With a 
world conflict in progress, new heroes, great men and women are in the 
making. All are worthy subjects for the sculptor. Memorials for soldiers, 
airmen, sailors and marines will soon be in great demand. Every city, town 
or village of any sise will erect a suitable memorial to the boys who went 
away to fight. 

Large sums of money are raised, usually by public subscription, for this 
purpose. A large volume of profitable business could be built up for arc 
welders interested in the art of welding, developed into welded art. 




Section VI 

Furniture and Fixtures 


Chapter I—Arc Welding of Plated Tubular Furniture 
By Ernest Reiss, 

General Manager and Partner, The Art Chrome Company of America, Boston, Mass. 



Subject Matter: Detailed descriptions of bending, plating and 
welding of various pieces of chrome^plated tubular furniture, in' 
eluding a kitchen or soda fountain stool, saving in cost $1.11 
or 30 per cent, a kitchen chair, a breakfast table, a combination 
stool and step ladder and a large upholstered chair are given. 
The welds are kept on the under side as much as possible and are 
painted with aluminum paint to cover the “burn" in the plating. 


Ernest Reiss 


Any discussion of arc welding in relation to furniture, is itself a discussion 
of the philosophical trend of twentieth century man. Every age, every era, 
has a tempo, a vision, a scale of values, that finds expression in the design 
of the useful things that man needs. In the design of contemporary furniture 
architects and designers have turned to the new materials from which to/ 
mold their masterpieces. These new plastic materials have significantly been| 
those that mark our era—steel—plastics—glass. Steel having played the most! 
significant part in our history and life was the material first used for furniture 
hy those pioneer designers Marcel Breuer and Walter Gropius, as far back 
as the Bauhaus in Germany before World War I. 

Steel tubing lent itself readily to the functional problem. It had strength, 
solid line, and dynamic possibilities. It was a material which could be either 
painted, or better still, given a lustrous hard lasting finish by a truly new 
process called chromium plating. It was a material that was plentiful, mex- 
pensive, and easy to fabricate. It was a material which would blend and 
cooperate with the scheme of the new architecture which called for simplicity, 
freedom, and the expression of man’s creative genius. 

Tubular steel furniture, thus evolved, had its beginning in Europe and 
logically came to this country to be copied and improved on by American 
methods. The early designers gave us the initial impetus and the original 
idea of functionalism. We gave to tubular furniture popularity and mass 
production methods. The resulting economy made it an item that anyone 
could purchase. It became possible for restaurants, shoe stores, beauty parlors, 
yes, even bowling alleys to have chrome furniture. 
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STUDIES IS ARC WELDING 



Fig. 1. Arc welding plated tubular furniture. 


Arc welding, (Sec rig. 1). is an American contribution to the popularity 
cf chrome furniture. We are prcud that our company has been one of the 
pioneers in arc welded construction of chrome tubular furniture. 

Arc welding has made possible: 

1 . cheaper methods of construction 

2 . improved appearance 

3. faster construction 

4. added strength 

?. new designs impossible or too costly to manufacture in any other way 

It is the purpose of this paper to deal with these five advantages of arc 
welded furniture as we applied them to items in our own plant. 

It is not the purpose cf this paper to deal with the problem of efficient 
management cf a chrome metal furniture factory. Nor will we deal with 
costs and methods cf cost estimating, except as a matter of comparison between 
old and new methods. These factors are subjects in themselves and the same 
broad principles that apply to the management and cost accounting of any 
successful business apply here. 

It is my purpose to show and explain, as completely as I can, the iim 
prevements and new discoveries that we have made in our own plant, hoping 
that perhaps they may be of benefit and encouragement for the future to a 
metal furniture industry striving hard to find its place in a world at war. 

The largest single cost cn an article of chrome furniture is the plating 
itself. This is so, because chrome plating involves many processes, most of 
them involving manual labor. The frames, after being formed and fabricated 
to desired shapes, must be polished, washed in alkali cleaner to remove grease 
and dirt, rinsed, dipped in acid, rinsed again—once more in alkali cleaner, 
rinsed and placed in the copper tank. After the copper plate the frame is 
rinsed in cold and then hot water and buffed. It is again put in the alkali 
cleaner, rinsed, dipped in acid, rinsed, and into the nickel tank. Once again 
cold and hot water rinse after plating and once again buffed. Then it is put 
into the chrome tank and finally rinsed in cold, and then hot water. There is 
also a newer process using hot nickel which eliminates the copper plating. 
Tanks are limited in sire for practical purposes. The bulkier the item, the 
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fewer pieces in a tank at one time. Since it requires 30 minutes in the nickel 
tank alone, progress of work depends on quantity in tanks at one time. All 
these factors influence final cost. 

To produce furniture at the lowest cost we began with the following basic 
farts. 

1. Simple, “one plane” bends were cheapest to fabricate both from the 
bending as well as the plating angle. Many more pieces could fit into the 
plating tanks if they were composed of simple one plane bends. 

2 . Welds and flanges represent additional costs in buffing as well as 
grinding before buffing. 

3 . Complex bends and welded pieces were sometimes even impossible to 
chrome as the plating would not “throw” into the crevices. 

Experiments with arc welding showed us that with the proper heat 60-70 
amps and % 2 "i nc ^ 1 coated-rod chrome plated tubing could be welded securely, 
and the “burn” confined to a distance of not more than l / 2 inch. When the 
weld was cleaned and painted with aluminum paint, the joint was not un¬ 
sightly and particularly good when welded on the underside or where covered 
with some other part of the article of furniture. 

The first item we tried electric welding on, was a bar stool which we 
sold for use in kitchens, playrooms, soda fountains, and bars. In this particu¬ 
lar case, electric welding was our last hope. The stool which I shall presently 
describe was giving us a great deal of trouble. It was originally constructed 
of 4 pieces of 1-inch ground bedstead tubing bent to form the legs of the 
stool, and one piece of the same material bent to form a 12-inch square and 
which served as the footrail. A piece of 1-inch x J/g-inch cold rolled steel, 
rolled into a circle served as an inside support and was believed to be of 
some decorative value. The square ring was bolted around the legs, the cold 
rolled steel was bolted inside near the top. 

Both of these items were acetylene welded and ground so that they 
formed each a continuous piece. All six pieces were then chrome plated 
before assembling. 

The legs were bent over at right angles to support the top. This top was 
a round upholstered unit made of wood and upholstered with leatherette. 
It was screwed to the legs by wood screws and acted as a third support to 
hold the legs together, (See Fig. 2). 



Fig. 2, (left). Sketch of stool frame. Fig. 3, (center). Legs and foot rail in special jig fox 
welding. Fig. 4. (right). The finished stool. 
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But somehow these three supports refused to hold the stool together. 
Whenever a nut worked loose it was only a short time until the rest of the 
stool disintegrated. It was proving costly to replace them and we turned 
finally to electric welding. 

After some experimenting we found that a % 2 finch coated welding rod 
would weld chrome plated tubing together with a minimum of “burn.” 

The four separate legs were first welded together at the top by placing a 
4finch square steel plate on them and welding the legs to it. This first needed 
simplification. 

Our first step then was to change over from 4 legs to one loop which 
served for 2 legs, and 2 single legs. These three pieces and the same square 
tubular footrail used on the previous stool, were chrome plated. The legs 
and footrail were then placed upside down in a special steel jig, (See Fig. 3), 
and the two single legs welded at their top end to the double leg. 

In this same position, upside down, we electric welded the foot ring to 
the legs from the under side. 

When we turned the stool right side up the welds could not be seen on 
the foot ring, and when we put the seat on the top, it covered the weld 
joining the legs together. We then found that we did not need the inside 
ring as our stool was now stronger than we ever needed it to be (See Fig. 4). 

The welds were cleaned with steel wool and painted with aluminum paint 
tc protect them against rust. 

Wc discovered that we had unconsciously removed a stocking hazard by 
eliminating all screws from the foot ring. 

When we began to figure costs and time we found the following: 


Old Method New Method 


14* 4" Bedstead zrrur.d tubing . 

.70 



.70 


.56 




.65 



.65 

.58 

.07 

.01 

.04 

.12 

.02 

.10 

.05 

.25 

Ur bolstered seat ... 

.58 



Glides . 

07 



Screws, cars nuts and washers . 

.25 



Cut tubing'. 

05 



Bend ... 

12 



Drill ... 

12 



Weld tubular ring . 

.10 



A?S?T. 

50 



Weld, clean and paint . 










$3.70 

2.59 



$2.59 

Savings . 

.$1.11 


or 

3 Ofc 

Old Method 

4 legs 8 cap nuts 

I tubular ring 8 ! 4'20 screws 

i rat ring 8 lock washers 


New Method 

2 legs 

1 double leg 

1 tubular ring 


The other advantages we obtained were: 

1 . Added strength and permanent construction 

2 . Absence of screws which might loosen or tear clothes 

3. Less parts 

4. Less time to manufacture 

5. Lower costs of manufacture 
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Welding time in the jig was 10 minutes at 65 amps. Two % 2 -inch 
coated rods were consumed. 

With this item so satisfactorily built by electric welding, we turned with 
enthusiasm to new fields. We found it possible to add two completely new 
chairs to our line. One was a better construction of a highly competitive 
number, the other a brand new chair, which besides possessing ease of manu¬ 
facture, is to our mind one of the most attractive chairs on the market. 

The first chair was a four legged conventional chrome tubular kitchen 
chair. It was made entirely of 24-inch tubing and contained altogether 11 
feet 2 inches of tubing. It was made of four pieces of ground tubing, and 
one additional piece for a stretcher. The bending was simplicity itself, two 
pieces with two bends each, and two pieces with one bend, (See Fig. 5). 



Fig. 5. (left). Details of bending the chair frame. Fig. 6, (center). Chair frame in arc welded 
jig. Fig. 1 . (right). Completed chair with cushioned seat and back. 

Fig. 8. Chair adapted for Navy contract. 


We used our scrap (waste tubing) for the stretcher, flattening both ends in 
a punch press. The four bent pieces were plated, placed in a specially con¬ 
structed arc welded jig, (See Fig. 6), and welded in one operation with no 
special skill needed. The backs were welded to the loop forming the legs, 
and then each leg was welded to the stretcher. The welds were cleaned and 
painted. The stretcher and legs were drilled to attach the wooden uphol¬ 
stered seat. The back supports were drilled to hold the upholstered back. 
When back and seat were screwed into place the chair had ample strength 
for its use (See Fig. 7). 

This chair has been made, similar in appearance, by other manufacturers 
without electric welding, but with half the strength and always with more 
tubing, off plane bends, and higher manufacturing, plating, and assembly 
costs. Our chair, with the addition of another stretcher, and with a wood 
saddle seat and wood back, was approved for a Navy contract, (See Fig. 8). 

The specifications on this chair for this purpose were as follows: 

Design—Chair shall be of the usual four leg type in appearance except 
that it shall be constructed of a frame of chromium plated steel tubing with 
a wood seat and back. 

Frame—Tubing shall be approximately 1-inch, 14-gauge cold rolled 
steel tubing free from pits and fissures; commonly known as O. D. 14. No 
other will be acceptable. 

The tubing shall be electro-plated with at least three platings as follows: 
Heavy copper deposit of no less than .0003 to .0005 inch after buffing and 
polishing. Heavy nickel deposit of no less than .001 to .002 after polishing. 
A final deposit of high quality chromium of no less than .00002 inch or more. 
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Frame Construction—The chair frame shall be composed of a base frame 
to form, the legs and a back frame supporting the wood back. The base frame 
shall be formed of two inverted "L/ soaped lengths of steel tubing. These 
are to be securely welded together by means of a steel tube which shall run 
in parallel with the seat and at right angles to the fcfc U shaped^ pieces it joins 
together. All welds are to be complete. The ends of the U shaped tubes 
shall be the feet of the chair. These shall be equipped with fitted chromium 
plated steel glides which shall act to prevent the chair foot from marring 
the floor. 

The back frame shall be composed of two supports each to be 18 inches 
in length. These supports shall be of chromium plated steel tubing. Each 
support shall be securely welded to the rear portion of the upper rear leg 
frame. The upper ends of the back supports shall be fitted with a permanent 
chromium plated steel cap. 

Seat—The seat shall be of an accepted hardwood, shape to be of the 
commonly known saddle type. It shall be securely fastened to the frame by 
means of four round head blued dr 10 wood screws, which shall not be ex* 
posed on the surface of the seat itself. 

Back—The back shall be of an accepted hardwood material postured or 
curved to fit the body. It shall be securely fastened to the back frame by 
means of four fiat head chromium plated self tapping y 2 'inch diameter screws. 
They shall be countersunk into the face of the wood back. No screws shall 
be visible from the rear of the chair. 


Dimensions— 

Seat ...-.—..15 // xl5 // 

Back .15 "x9 1 / 2 " high 

Height to top of seat .I 8 V 2 " 

Height to top of back.—.32 1 / 2 ,/ 

Floor area.......... 14 l / 2 'x 

The time required for welding this chair in our jig was 5 minutes. The 
amperage was 71 amperes and one % a finch coated welding rod was corn 
sumed. 


The new chair made possible by arc welding was our M 6 M kitchen 
chair. This was promoted with cur KTME kitchen table. The unit was 
made to meet the demand for a better chair and table combination. The 
problem was to design a table that would be a little different in design; extra 
strong in construction, and at the same time to design a chair that would 
match and have the same qualifications. 



Fig. 9, (left). Development of table leg’. Fig. 10, (center). Welded chairs and table. 
Fig. 11, (right). Connection of leg and table top. 
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After quite a number of experiments and many hours of sketching and 
testing, we developed a table leg, (See Fig. 9), and a chair to match, (See 
Fig. 10)* The was of the “hairpin 1 ' variety, a term common to the 

breakfast table trade, only instead of connecting to the table by attachment 
to the skirt, our leg had one end attached to the inner corner behind the 
skirt and diagonally in from the corner, (See Fig. 11). The leg was made of 
%dnch tubing bent in a V shape, chrome plated, and the flanges J4 inch by 
4 inches square were electric welded one to each end, the welds and flanges 
painted with aluminum paint. The skirt hid the flanges and welds. The 
table was of the extending type with removable center leaf. The method of 
connecting legs with the ends diagonally toward the center gave the table a 
rigidity not obtainable in the common type of extending table. The legs took 
the drag of the opening and closing of the table without any vibration such 



Fig. 12, (left). Three pieces of chair frame tubing. Fig. 13, (right). Chair parts in jig. 

as was evident in the single leg or corner attaching style. The loop of the 
leg, being on the floor, eliminated the necessity of plugging the ends or adding 
glides. Subsequent reports indicated that this type of leg was exceedingly kind 
to floors and linoleum. 

The chair was made of three pieces of 54-inch tubing, two pieces each 
forming one front leg and back support, and one piece forming the seat sup¬ 
port and two back legs, (See Fig. 12). 

The three pieces were placed in a jig, (See Fig. 13), after being chrome 
plated separately and welded together by four electric arc welds. Aluminum 
paint covered the welds. The upholstered seat covered the two front welds 
and the two back welds were not particularly noticeable. The front legs 
matched the table legs perfectly and were attractive as well as functional. 

This chair can only be built by electric welding as there is no other 
method by which the component parts may be joined with sufficient strength 
to keep them together. It could not be joined by acetylene welding, since the 
cost of chrome plating would be prohibitive as the chair must first be acetylene 
welded and then plated. 

The time required for welding was five minutes. Two % 2 'inch coated 
rods were used with the amperage at 65. 
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Another kitchen item was a combination work stool and step ladder. Cost 
of manufacture was of prime importance as this ladder , had to compete with 
inexpensive wood ladders. It was necessary to use the minimum of tubing, 
simplest of bends, cheapest method of construction, and be composed of parts 
least expensive to chrome plate. 

We designed the following stool: 

Two pieces of %-inch tubing 56% inches long were bent in a sort of 
"LT' and near one end of each a Vyinch hole was drilled through one side 
only. One piece of scrap tubing 10 inches long was flattened at both ends 
and served as a stretcher. Four pieces of angle iron 3 inches long were cut 
and two if S holes drilled on one side. A piece of Yi'inch tubing was cut 
10 % inches long. The two "UV 1 and the 1 / 2 nnch tubing alone were chrome 
plated, (Sec Fig. 14). 



The two 4 *UV’ were then set in a jig, legs up, the two %'inch holes facing 
each other. The Yi'inch piece of tubing was placed, one end in each of the 
kcles so provided. A small electric weld was then made joining the Yl^nch 
tube to the yYiozo fck UV\ The stretcher bar was next placed in the middle 
of the bottom of the "’U" and welded to the “LT\ the flattened ends making 
it possible to weld without building up around the tubing. The angle irons 
were then welded in predetermined positions on the other legs of the “LT\ 
Here too particular care was taken to keep the burn as small as possible and 
yet provide adequate strength to the joint. All welds were cleaned and care- 
fully painted with aluminum paint. The stretcher and the J/ 2 'inch rod served 
as supporting members to hold the stool together and keep it rigid. The 
stretcher also served to hold the upholstered seat while the f/^-inch rod served 
as a heel rest when one sat on the seat and used the item as a work stool. 
The angle irons held the ladder steps. They were made of plywood “5 ply”, 
and covered on the front edge and top with corregated rubber matting. They 
fitted into the angle iron and were screwed to it by wood screws. 

Besides being attractive and serving a dual purpose in the kitchen, this 
combination stool and step ladder is one that does not lose strength with 
time, as do the wooden ones when rails loosen, wood splinters, and glue dries 
out. It will always be a safe item, never a hazard. (See Fig. 15). 
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The actual cost on this item exclusive of overhead and packing costs is 


as follows: 

Tubing Vs" ____$ .44 

Rod y z " -------.03 

Stretcher and flattening rods _ .05 

Angles - .10 

Wood _ 09 

Rubber ........... .07 

Glides _ .07 

Seat _ .33 

Plating - .50 

Screws _ .05 

Glue (for rubber) _ .01 

Bending _ .05 

Drilling . .06 

Cutting - .08 

Welding including material . 25 

Assemble . .19 

Total—labor and material . _$2.37 

The next interesting chair we developed was our 


A piece of Tinch tubing was bent to form the front member, somewhat 
in the form of the letter C with a short reversed bend in the back to raise 
the middle section of the C off the floor and form two points of suspension. 
Two of these pieces were bent for one chair. To these was welded one shorter 
length with a slight bend in the middle. This formed the back support and 
the back leg. The bend in this piece gives the back its required tilt. The 
welded joints were polished smooth on a portable sanding disk with No. 36 
grit, resin bonded disks. Both pieces were then plated. In addition we 
cut three short rods J/^inch in diameter 22 1 / 2 inches long, one % 6 -inch rod 
23 inches in length, and one % 6 dnch rod 21% inches long. These pieces 
were also chrome plated. The two % 6 dnch long pieces were the seat support. 
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and holes were drilled on the inside of the two arms on each end through one 
side of the tubing only to contain the ends of these rods. Three holes were 
also drilled in the bottom part of the arms through one side of the tubing 
only to accommodate the three J/i'tnch rods. When all the rods were set in 
place they held the two arms in an upright position. All that was necessary 
was to electric weld (on the under side) these rods to the arms. It was 
necessary to use care and thoroughly test these welds for strength. Aluminum 
paint covered the burn, and when the chair was set right side up, the wood 
upholstered seat placed on top of the 9'i<>'inch supporting rods, no weld was 
visible. The longer roc ^ was used in front to give the chair a taper 

toward the back for the sake of better appearance. 

The chair possesses unusual strength from its all welded construction and 
does not depend on its upholstered sections to hold it together. It eliminates 
bolts, tapping operations and countersinking, and is thus cheaper in construe' 
tion as well as easy to assemble. Assembly is done in an electric welded jig 
in 10 minutes as against an estimated time of 60 minutes if the chair were 



Fig. 18. Manicure table. 
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of a bolted construction. Appearance is enhanced by the absence of unsightly 
screws and a stocking hazard is eliminated. 

The design of the arms and legs makes it possible to use this chair on un^ 
even floors since there are four points of contact instead of two long surfaces 
were the tubing flat on the floor without the offset, (See Fig. 16). 

One % 2 "inch coated rod only, was used on the entire job with the aim 
perage at 70 amperes. 

This application of arc welding to metal parts already plated, is not 
limited in our plant to household furniture, but since the subject matter of 
this paper is limited, we have not mentioned how we use this process to 
fabricate the many commercial items we manufacture. For example, we make 
a chrome plated shoe fitting stool, (See Fig. 17), which is purely functional 
and impossible to manufacture at- twice the cost except by arc welding. We 
make a manicure table for beauty parlors, (See Fig. 18), a chrome shoe chair 
unit for shoe stores, chrome booths for restaurants, chrome swivel chairs for 
offices, and other items all with this same technique. 

It might be well to mention here that we have found in our experience 
that the designer alone cannot create nor solve the problems merely by sketch- 
ing his ideas on paper. The cost of performing the various operations is a 
major consideration, and the possibility and feasibility others. The designer 
must know costs or work with the man who does. He must know methods of 
construction or work with the foreman of the department. And, if it be arc 
welding that he is looking to for the solution, he must work with the man with 
the mask, trying new ways, experimenting, testing, keeping costs. Only in 
this manner, have we found the way to create and improve. 



Chapter II—Wrought Iron Furniture Manufacturing 

By Joseph H. Woodard, 

Co-owner and Plant Manager, Lee L. Woodard Sons, Owosso, Michigan. 

Subject Matter: Many of the parts of wrought iron furniture 
are formed in a punch press. Trouble was experienced by the 
breaking of dies. An arc welded die was made to replace the 
former cast iron die at a saving of $2.42 per die or 30 per cent. 
This represented an annual saving to the company of $608. 

An improved floor glide for furniture legs involving welding 
was developed representing a saving of 23 per cent on this item 
or $1,125 per annum. 

A method of welding brass ornamentation to the wrought iron 
was developed which represented a saving in this item of 43 
per cent or $1,300 per annum. 

Joseph H. WooJard 

Since 1934 it has been the author’s pleasure to be joint owner and plant 
manager cf a concern manufacturing a large line of wrought iron furniture. 
This line totaled in 1941, 150 different catalogued items, such as all varia- 
tic ns cf seating pieces —side chairs, arm chairs, gliders, benches; tables— 
dining, console, lamp, coffee, end table, and nest of tables. In addition, there 
are beds, mirrors, tea wagons, plant stands, wall brackets, bookshelves, maga' 
cine racks, etc. The development of such a comprehensive line was the 
natural crcvvth of a moderately successful business, covering the six years 
prior to 1940. 

Dunne these years the application of arc welding became such an 
integral part of cur manufacturing process, that as regards the problem of 
joining two nieces of metal together, we found ourselves thinking in terms 
of this method. By way of explanation, all the metal parts that form a unit 
of our furniture are joined by either arc or spot welding, no screws, bolts, 
clips, cr other means being used. Undoubtedly most, if not all, of the welds 
could be accomplished by the acetylene method. The basic advantages of 
lower material and labor costs that arc welding enjoys over acetylene, ho\w 
ever, were so apparent to us at the outset (1934), that we did not use then, 
or have since, acetylene equipment. 

One basic characteristic of all our furniture is its hand forged appearance. 
The term ‘"wrought iron” not used technically implies hand craftsmanship, 
or at least a hand-made appearance. It is, therefore, our desire to produce 
with modern methods and technique items of beauty and to emulate in 
texture the works of old ironsmiths. 

Some of our operations are performed in much the same manner as in 
years past. This is true in the case of small forgings, where, because of the 
large number of bar sites and the various number of forged shapes involved, 
it would be impractical to invest in necessary dies to do the work under 
power pressure. We are still using the time established method of fire heating 
and hand forging on an anvil. As compared with old methods, the assembly 
technique has improved most, and this chiefly because of the developments 
of arc welding. 
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By 1940 our welding operators had achieved a surprisingly high degree 
of skill and efficiency. Because of their ability to not only weld, but to “fill 

weave, and to “taper out 1 ’, the appearance and quality of the arc welded 
joints are difficult to differentiate from those of slower methods such as 
fire and acetylene. While the problem of warpage must always be considered, 
arc welding minimises this condition because of the concentration of heat 

applied. 

All of our welding is on light metal, often as light as 20 gauge sheets and 
launch diameter wires. In addition, the welds are very short in length, never 
more than 1 inch. This type of welding is generally referred to as “tack 
welding”, except that in our case welds are final, not later supplemented with 
additional runs. It is most important, therefore, that all joints be well fused, 
with a minimum of excess deposit and splatter. We use three different 
electrode sizes, namely, % 2 finch, j/gfinch, and % 2 "indb. 

Inasmuch as all our designing is done by members within our own organic 
nation, many of the welding problems can be solved in advance. Whenever 
possible, the welds are placed in hidden locations; with a table, for instance, 
on the underneath side; on a chair, underneath and on the back sides. Follow^ 
ing this practice eliminates much grinding and cleaning. Welding jigs are 
made up so that practically all final welding assembly work is done with 
the article of furniture in an upside down position. The work is positioned 
as to provide horizontal or vertical welding. Overhead is always avoided 
wherever possible because of the loss of time, material, and the relatively 
poorer quality of joint. It is interesting to note that in cases where it is of 
prime importance to obtain a smooth flush bead, it is easier to weld with 
the work in a vertical position, welding down, than horizontal. 

Good welding jigs are most essential. After a perfect sample is once 
built, it is a simple matter to weld up around it a separate jig framework to 
be used subsequently in holding in perfect alignment during the welding 
process the various pieces of a complete unit. The jig should be built to allow 
the completed wielded unit to be easily removed. Stop pins, hold down 
clamps, and other ideas can be worked out to allow the operator free use of 
his hands. Welding jigs increase production, eliminate warpage, and insure 
accurate work. Jigs often present an opportunity to protect work adjacent 
to welds from splatter by attaching a piece of sheet metal thereabout. With 
our own welding equipment, jigs are inexpensive to build and often pay 
for themselves on a production run of as small as ten pieces. 



Fig. 1, (left). Cast iron die for forming angle iron. Fig. 2, (right). Welded, steel die for 

forming angle iron. 
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Fig. 3, (left). Original single-punched disc. 

Fig. 5, (right). Tool used ii 



Fig. 4, (center). Improved furniture glide, 
arc welding cup to leg. 


So far I have merely related cur general application of arc welding prior 
to 1940. Since then we have made three improvements to our products or 
manufacturing methods, all of which were made possible because of the arc 
welding process. These developments are all embodied in the production 
of cur 755-A chair which is selected by the author as a typical unit to serve 
as the subject. The following discussion, all of wfhich pertains to the 755-A 
chair, falls into the following headings: 

1 . Arc welded steel forming dies for punch presses. 

2 . Development cf set-in-rubber stainless steel floor glide—arc welded 
to steel furniture leg. 

5. Bracing by arc welding brass ornamental castings to steel furniture 


I 

Arc Welded Steel Forming Dies for Punch Presses—Many of the form¬ 
ing operations on our bar stock are performed on punch presses. We had 
used cast iron dies, moulded from wood patterns and machined to she, 
Fig. 1. These dies are subjected to severe strains and were continually break¬ 
ing. We found it impractical to repair the breaks by any means, even arc 
welding; and broken dies had to be replaced. Of course, solid steel dies 
completely machined would have overcome our breakage problem, but the 
machining expense would have made the cost excessive. 

In early 1941, because cf a broken die which was urgently needed, we 
decided to replace it by welding up a steel die using short pieces of our 
scrap bar sections properly formed and welded into a solid unit. Fig. 2. To 
our great satisfaction, this die proved to be far superior to those of cast iron, 
and since then all such dies have been made in this manner. As compared 
with the cast iron dies, the steel ones are practically unbreakable, are lighter, 
cost less, and have the advantage of being easily reinforced at wearing spots 
by welding ever such places a bead of tool steel electrode and grinding 
smooth. 

The production of such dies is as follows. After the pieces to be made 
into the die have been formed, we have found it good practice to place 
them together in their relative positions in the punch press, and perform the 
welding while they are held tightly between the press ram and bed. By 
allowing the dies to cool in this position before removing will eliminate warp- 
age and will insure the die surfaces of being parallel, making unnecessary 
any machining. Tapped holes for bolting the dies to press may be eliminated 
in some cases by welding nuts to the sides of dies. If hold down clamps are 
used, lugs may be welded to dies. Vulnerable surfaces of the press may be 
protected from welding splatter by covering with a thin sheet of metal. 
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A comparative cost estimate of two typical dies follows, (See Figs. 1 
and 2). 

Comparative Cost Table of Cast Iron and Welded Steel Dies 


Cast Iron 

Material: 

Wood pattern band sawn.$1.50 

Cast iron, 30 lbs. @ 60 

(includes foundry labor) ... l.gQ 

Labor: 

Machining, including tapped holes 
5 hours @ 1.00 . 5.00 

$8.30 

Steel 

Material: 

20 lbs. hot rolled steel @ lb.70 

1 lb. coated electrode .085 

Labor: 

Cutting and forming, including tapped holes 

3 hours @ 1.00 . 3.00 

Welding, 2 hrs. @ 1.00. 2.00 

Effected savings 30%. $5,785 


The total annual savings to our company as a result of this changed die 
construction can be estimated as follows: During the year 1939 a total of 
$1,520 was paid for cast iron dies. If we had taken advantage of the welded 
die construction during this year, a savings of 30 per cent of $1,520, or 
$456 would have been effected. This estimated savings does not take into 
consideration breakage; no plant figures are available on this expense but it 
is the author’s opinion that the elimination of breakage has effected at least 
an additional 10 per cent savings for a total 40 per cent of $1,520 or $608. 

II 

Improved Floor Glide on Furniture Legs—Previous to 1940 we had been 
welding around steel disc to the foot ends of chairs and table legs to serve 
as a floor glide. This was a cup-shaped stamping with a hole punched in it 
slightly larger than the she of the leg to which it was attached. The disc 
was slipped over the end of the leg and welded from the bottom side, (See 
Fig. 3). This glide was satisfactory when the furniture was used on a lawn 
as it did not allow the legs to push down into the ground. It was not, how¬ 
ever, satisfactory for use on fine terraces, linoleum, or hardwood floors, as 
its sharp edges had a tendency to mar the surface. It would cut into rugs, 
making difficult the gliding of the article across the floor. We experimented 
with rubber crutch tips, and while they protected the flooring, they did not 
allow the furniture to be easily moved. Some other means had to be 
developed. 

Standard furniture glides for legs of wood or steel tubing are on the 
market, but none are designed for use on solid bar stock. The ideal type of 
furniture glide, particularly for steel furniture, is one that embodies a rubber 
cushion between the metal glide and furniture leg. The rubber cushion 
greatly overcomes the rigidity always objectionable with steel furniture. We 
proceeded to develop a rubber cushioned glide that would meet our own re- 
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quirements of being readily attached to solid bar legs approaching the floor 
at many different angles. 

The new glides, (See Fig. 4), are an assembly of three parts. One, a cup 
shaped stamping of polished stainless steel serves as the bearing surface of 
the elide. This part is so rounded and polished as to allow the easy moving 
of fine furniture without damage to any flooring. Being stainless steel, it is 
rust proof and the wearing surface is not affected by outdoor exposure. The 
glide itself is laree enough to prevent legs from pushing into soft ground. 

Part two is a "rubber moulded ring which encircles the outer edge of the 
stainless steel glide. These two parts are held in place in a stamped cup^ 
shaped steel receiver which is arc welded to the furniture legs in the same 
manner as was the original single disc mentioned previously. In order to 
hold the small receiving disc in place during the welding, a small tool is 
used which embodies a rather unique idea worthwhile describing. 

The disc is so small that to hold it in place by hand would burn the 
welder’s Angers, even though asbestos, or leather gloves are used. A tool 
was made from a common pair of automobile kit pliers, (See Fig. 5). One 
jaw of the pliers was cut away and a copper ring was braised on to the stub 
of this jawf The copper ring fits down into the steel receiver which is held 
in mace by the other jaw. This tool has the advantage over a common set 
of rulers in that the copper ring shields the inside of the steel receiver from 
all welding splatter, a point most important in fitting the stainless steel and 
rubber ring into the receiver. With the use of this tool it is possible to hold 



Fig. 6. Welding receiving discs to chair legs. 
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Fig. 1. (1 efi). Typical brass castings far ornamentation. Fig. 8, (right). Ornamental brass 

castings. 


the receiver at proper angle with relation to the leg and floor, even though the 
welding is done with furniture in upside-down position, (See Fig. 6). 

Assembling the three parts of the glide is as follows: The first operation 
is the welding of the cup-shaped receiver to the steel leg. The moulded 
rubber ring is fitted around the stainless steel glide, and these two units are 
then snapped into the receiver. The dimensions of the parts are held to 
very close tolerances so that when nested together with the rubber ring 
between, are held in a snap wedge fit. Undoubtedly the attaching of our 
glides could be accomplished by resistance welding, either spot or butt; 
but for our needs, this method would be entirely impractical because of its 
inflexibility. We use no less than six different sises of square or round bar 
stock for legs and these each may approach the floor at any possible angle. 
For butt welding this would involve a special electrode clamping device for 
not only each size of bar, but for each angle used for each sire. It would 
also necessitate the machining of each leg and at the proper angle. There 
would even be a question as to whether or not this type of weld would 
withstand the strain to which it is subjected. 

While the necessity for developing this glide was not motivated because 
of our desire to economire, we were pleasantly surprised to find that our 
cost in making these parts is less than that of standard glides on the market. 
Even after charging the total expense of dies and rubber mould to an annual 
production run of 75,000 units, the manufacturing cost of our own glide 
is 4 l / 2 cents each. Similar standard glides wholesale for 6 ] /4 cents each. A 
savings of 23 per cent or IV 2 cents per unit was effected, and on an annual 
usage basis amounts to IV 2 cents x 75,000, or $1,125. 

A cost comparison of the glides alone does not reveal a true comparison 
because of intangible elements involved. For example, in making a compari¬ 
son the time involved in attaching the glides should be considered. We 
have nothing to compare on this basis because none of the standard glides 
could be practically attached to our steel bar legs. It should be sufficient to 
state that primarily because of the facilities offered by arc welding, we were 
able to develop a glide meeting our particular requirements and enabling us 
to offer an exclusive feature not available on other lines of wrought iron 
furniture. 


Ill 

Brass Castings—During the latter part of 1940 while we were working on 
designs for the coming year, it occurred to us that a new field of omamenta" 
tion would be opened to us if we could attach decorative metal castings to 
our steel frames. Previously all decorative features, such as forged leaves. 
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scrolls, etc., had been individually forged or stamped and separately welded 
to the frames. Our idea was to cast units of various design motifs, such as a 
running vine of leaves, berries, buds, etc., and to attach this casting to the 
steel frame. The cost of a cast unit should be much less than to form and 
weld the individual leaves, etc., into a complete unit. The cast units, 
although identical, would be so located and arranged with respect to each 
other as to avoid the undesirable effect of repetition. 

In order to have a fine, tracery dike appearance, the castings would be 
very lightweight and would add little to the structural rigidity of the com" 
pleted article."* Experiments with cast iron proved this material to be unsatis" 
factory. The welding could be performed, but the castings themselves were 
too brittle to withstand the flexibility of the -frames. Malleable iron castings 
were then tried: and while they were strong and flexible before welding, 
the heat applied during this operation reverted the malleable iron to a brittle 
condition at points adjacent to welds. Breakage still occurred. 



Fig. 9. Brush guard grilles for army trucks. 

We had not tried brass because of the higher material cost and because 
we anticipated difficulty in arc welding the brass to steel. After working 
with various foundries, however, we found that castings in brass would cost 
only 50 per cent more than in iron, and even less than malleable iron. In 
addition, the brass would be sufficiently pliable to withstand the flexibility 
of the steel frames. The cost would not be prohibitive if a satisfactory weld 
could be performed. Brass castings, (See Figs. 7 and 8), were obtained and 
experiments were made in welding with various electrodes. A phosphor" 
bronte coated electrode proved highly satisfactory. No breakage occurred. 
During our experiments we found that an 18"8 stainless steel electrode would 
also give satisfactory results, but was slightly higher in cost. Stainless steel 
electrodes are often overlooked by welders in attempting difficult jobs, particu" 
laxly as outlined above for the welding of dissimilar metals. 

While we never made an actual cost comparison of the cast unit to that 
of an individually stamped, formed, and welded unit, our past experience 
with this method prompted the change. Definite savings, however, are 
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positively effected. A typical cast unit, (See Figs. 7 and 8), costs 9 x /2 cents 
each; while a similar unit assembled from pieces could not be duplicated for 
j ess than 15 cents. A savings of 43 per cent per unit is a conservative 
estimate. On the basis of usage during 1941, 20,000 units would result 
; i n an annual savings of $1,300. 

! During the year 1941 and 1942, our findings were successfully put into 
j practice and a large percentage of our production was devoted to items in- 
i volving the use of brass ornamentation arc welded to steel frames. We were 
able to offer designs more ornate in detail, yet competitive in price with less 
attractive articles. To our knowledge this method of design application had 
not been used by others in our type of work. The enthusiastic acceptance 
of designs so constructed is the primary attest to the value of this arc welding 
development to our company. 

Conclusion —In addition to the value to our business of the three men¬ 
tioned developments, our knowledge of arc welding has been one of our 
Greatest single assets in contributing to the war effort. War production has 
Greatly increased the demand for arc welding equipment and operators. 

Since August, 1941, when three of our operators, including the writer, 
were approved as instructors in arc welding, we have been offering Govern¬ 
ment sponsored vocational arc welding instruction. Some fifty odd men have 
been trained during night courses. As fast as these men are acceptable, they 
are referred to the Flint, Lansing, and Bay City plants producing tanks, 
armored cars, trucks, and submarine chasers. 

While our civilian furniture production has been gradually curtailed, 
and finally stopped entirely effective June 30, 1942, we have readily con¬ 
verted to production of war items, (See Fig. 9). At present writing, 75 per 
cent of plant capacity is devoted to this type of work. 



Chapter III—Bed Rails and Bed Springs 


Bv E. H. Atkinson, 

Mechanical Engineer, Fulton Metal Bed Manufacturing CoAtlanta , Ca. 



Subject Matter: Bed rails and frames for bed springs are usually 
made of angle iron. When the war demand made it impossible 
to obtain angles from the mills for this purpose, this company 
conceived the idea o: using the plate trimmings from the tin 
plate mill, which the mill was permitted to roll into shapes to 
suit and sell. These trimmings were too thin to have the re* 
qufred strength when roiled into the standard sined angles for 
the bed rails, so the shape was changed to a channel. 

For the bed springs, the cross slats were usually made of lunch 
x ! 4'inch steel bands. These were changed to launch x V/ 4 0 
inch angles rolled from trimmings. The connections were all 
made by welding. 


The object of this paper is to show how a manufacturer of metal beds 
and bed sn rings when deprived by war demands of his conventional hot-rolled- 
steel shapes turned to an arc welded design using shapes that he could obtain 
- and thereby continued operation of his plant. 

Tc appreciate the necessity of change, let us look back to early 1941. 
Most cf the world was at war or was preparing for war. With the lend lease 
program in full swung, and with the National Defense program building army 
camps, warehouses, and numerous defense industries, manufacturers of civilian 
goods made cf steel began to feel the pinch of steel shortages during the middle 
of the Srst quarter of 1941. Before the end of the first quarter the steel mills 
were refusing orders for material not going into defense work. The last hot- 
rolled shapes this manufacturer received were ordered in February, 1941, and 
were delivered in November. 1941. So, to continue the making of metal beds 
and springs it was necessary to change to some material that was obtainable. 

The .urge steel mill which had been the sole source of supply for several 
years was by then engaged in rolling tin plate stock and shell stock. At the 
end or the hot rolling or this stock, and before the cold rolling, the edges of the 
sheets had to oc trimmed to cut away the edges which were laminated and 
checked, that is, the sheet had to be squared back to good solid stock perfect 
in structure. These trimmings were waste and had no value other than scrap 
to be re-melted. Tne government was, and still is (May, 1942) permitting the 
sale of this material for non-war work. 

But to work this material into metal beds and springs, the customary 
method ot manufacture had to be abandoned and a welded design was the 
answer to the problem. 

In the summer of 1941 we began to run out of the regular angle iron 
side rails for metal beds, and also the slatted steel bases for bed springs. So, 
we set out to make bed side rails and spring bases from the steel mill scrap. 

First let us consider the bed side rails. The bed side rail is that part of 
the bed which extends from the lock on the head of the bed to the lock on 
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Fig. 1, (above). Standard bed rail. Fig. 2, (below). Attachment of standard side rail to 

bed lock. 

the foot of the bed. The two rails hold the head and foot of the bed in firm 
upright positions and also provide a support for the bed springs. The standard 
metal bed side rails are made of lV^dnch by 2%dnch by %4'inch hot'rolled 
raihgrade steel angles. The short leg of the angle is notched on each end (to 
clear the rivets that hold the locks to the bed posts) and shoulder head rivers 
are riveted in the long leg of the angle near each end of the rail, (See Fig. 1). 
These rivets fit into the bed locks on the head and foot posts as shown in 
Fig. 2. 

The steel mills had the necessary equipment for cutting the trimmings to 
she and could then cold'form them into various shapes. These shapes were, 
of course, limited to what equipment and rolls on hand as the mills could not 
increase their facilities for non'war work. Had the trimmings been of sufficient 
thickness, a ly^'inch by 2%'inch angle, the same leg dimensions as the stand' 
ard bed rail, could have been formed and this substituted for the standard 
hot'rolled angle, but the available stock was so thin, an angle made of it did 
not have sufficient strength and would bend to the floor when used as a bed 
side rail. However, the steel mill did have rolls for shaping the metal in the 
shape shown in Fig. 3. Being a box section, this section had plenty of 
strength, but no place to fasten the necessary shoulder head rivet. To over' 
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come this, the rivet was riveted into a flat plate of the same scrap steel and 
electric welded to the box shape. To allow clearance for the rivets holding the 
lock to the post, the welded on plate was allowed to project past the ends of 
the box section. One end of the completed rail is shown in Fig. 4. 

This new bed rail was approximately the same weight as the standard rail. 
It was nice locking, satisfying to the trade, and was stronger than the 
standard hot-rolled angle. 

Before going into the cost, let us consider the changes in the spring bases 
and carry the two costs along together. 

The standard spring base for steel-base coil springs (the same base is used 
throughout the entire country with only very minor changes) consists of a 
114'inch by 1 >4-inch by % 4 -inch angle bent to form a continuous frame 
and usually resistance welded. For a standard double bed this frame is ap¬ 
proximately 5 2-inches wide and 6 feet long. Eight or nine 52-inch cross slats 
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are riveted in forming a slatted steel base upon which to fasten the coils. 
The cross slats are usually J/g-inch by lunch hot-rolled rail grade steel bands, 
twisted at each end so that the one-inch side of the band is vertical. Fig. 5 
is a sketch of the standard frame. 

When the hot-rolled shapes were no longer available, and we started to 
design to use the trimmings, we found that the trimmings shaped into a 1 * 4 - 
inch by IJ/^-inch angle was sufficiently strong for the one piece continuous 
frame, but that the same trimmings cut into strips 1 -inch wide and used for 
cross slats like the standard J/ 3 -inch by 1 -inch hot-rolled bands did not have 
the necessary strength to resist bending. We had the trimmings shaped into 
lJ/^-inch by lJ/ 4 -inch angles which, of course, would resist a large bending 
moment. These angles were then placed in crossways of the continuous 
frame and welded in place, (See Fig. 6 ). (Note: A cross angle made of the 
trimmings 1 -inch by V^-inch would have had sufficient strength, but the steel 
mill only had rolls available for rolling angles lj^-inch by 1 ^ 4 -inch or larger. 
Conditions were such that you had to take what you could get and not 
what you wanted, or do without.) 



The welded side rails and the welded spring bases were both stronger than 
the standard design which they replaced. However, this extra strength did 
not have any particular value to the manufacturer in that the standard design 
was strong enough for the purpose. In using angles of the trimmings in place 
of the regular fiats in the spring bottoms, and in using the box-section side 
rail in place of the regular angle, many more square inches of material was 
used in the welded design, but with this material only one-half as thick as the 
regular shapes, the total weight for the side rails was the same for both 
designs, while the spring base was slightly heavier than the standard. The 
scrap steel was a mild steel having a higher base price than rail-grade steel 
and by the time the cost for cold-forming these trimmings into the shapes 
necessary to get the required strength, the material costs for both items were 
higher than the standard. 
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To cover the cost increases the manufacturer had to add 25 cents to the 
selling prices of the beds (20 cents additional material cost, 5 cents additional 
labor) and to the selling prices of springs 50 cents was added (40 cents addi¬ 
tional material, 10 cents additional labor). Even with these increased prices, 
the manufacturer could not supply the demand since competitive manufac¬ 
turers were ceasing production for lack of their standard shapes. Of course 
the=e welded designs will be abandoned when the steel mills resume normal 
production, but for the present it is letting this manufacturer contmue pro¬ 
duction of a vitally necessary commodity that is going largely into defense 



centers for civilian workers. At the same time, the manufacturer is keeping 
his clan: in operation, keeping his old customers supplied with merchandise, 
and* keeping rks employees at work. There is no economy at 25 cents and 
50 cents" cer item higher prices, but when the demand cannot be met even 
higher prices would there be economy in letting the plant and the eim 
plcyees stand idle for lack of standard steel shapes? 

The chances to the two welded designs were carried on in the plant with 
the employees and equipment already on hand. Of course jigs were made for 
both tie side rails and the spring bases so that the individual pieces, could 
quickly be placed in the proper positions and held there positioned for the 
easiest welding. Two jigs xor each item were made so that one man coulo 
load and unload for the welder. 

After getting our jigs made we were able to maintain normal production 
of 375 beds per week and 475 bed springs per week, and the steel mill accumu' 
lated much mere trinonxings than we could use. 



Chapter IV—"Welded Housings for Telegraphic Printers 
By Paul J. Birkmeyer, 

Engineer, Western Union Telegraph Co., K[ew York, H* Y. 


Subject Matter: Designs of arc welded table and printer cover 
as separate units. These were replaced by an integral arc welded 
unit called “Printer Console’' combining the services of a table 
and machine cover and adding certain other features of which 
the maintenance shelf is important. Consoles are built for 
multiple copy printers. Statistics on costs show table and cover 
combination at $50 and arc welded printer console at $40. 
Number of printers in service is approximately 50,000. The 
value of the console should be considered in the light of many 
indeterminable factors such as appearance and space require" 
ments, as well as noise reduction, utility, and pride and satis" 
faction of the user. 

Paul J. Birkmeyer 



“By Teletype 11 is a popular expression referring to the modern person to 
person, direct wire, printed communication, just as “by rhnr.e” has meant, 
for many years, the communication of the spoken v.orJ. fiowever, while 
teletype is, to the printed word, just what the telephone is to the spoken, it 
is by no means so familiar as the ubiquitous telephone, and thus a brief 
description of the modern telegraph printer may be warranted. 

The printer is a machine similar to a typewriter, with a keyboard and 
printing mechanism including a typewheel or typebars. While the keyboard 
of a typewriter actuates its own typing or printing mechanism, the keyboard 
of a printer actuates the printing mechanism of a distant printer, by electric 
impulses sent over the line. As a convenience and means of ready reference 
to the typist or operator, the circuit is generally arranged to produce a copy 
of the message being sent, on the home printing mechanism. 

Printer Console—This paper refers in general to the design and con" 
struction of enclosures or housings for telegraph printers, and in particular 
to recent improvements in their appearance and utility by the introduction 
of the “Printer Console 11 . The present printer console is a complete unit 
housing, arc welded and constructed in accordance with modern design prac" 
tices. 

Printers are used in business organisations, police and Federal Intelligence 
systems, military communications networks, news services and all other activi" 
ties which may require rapid and efficient communication service in record 
form. In the past, these printers, of varying design, have generally been in¬ 
stalled on tables, also of varying sffie and construction, as shown m Figs. 1, 
2 and 3. The printer is supported on a base with rubber mountings and 
enclosed inside a cover to protect the mechanism from dust particles. The 
inside of the cover is lined with acoustic padding to reduce to a minimum 
the transmitted noise of the printer. 

Referring to Fig. 1, the table is of arc welded construction throughout, 
as is the printer cover. A plate for a signal light, power plug, line plug and 
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Fig. I. (left!. Arc welded table and cover ior printer. Fig. 2. (right). Another printer with 

arc welded table and cover. 


switch is shewn to the left of the cover. A metal wiring cabinet for electrical 
i ecuicment 7s attached to the under side of the table and protrudes through 
I itl under the plate. For servicing the printer, it is necessary to remove the 
cover which, in crowded offices especially, proves somewhat of a nuisance 
unless a special table is provided for the cover. 

F:c. 2 "shows a printer which prints on a narrow strip of paper tape. The 
table an this instance is of steel arc welded construction, finished to reproduce 
popular wood graining. The printer shown in Fig. 3 is installed on a small 
weed table c£ the usual walnut or mahogany finish. In this case the wiring 
cabinet with a control switch is mounted under the table, while the signal 
light, power plug and line plug are mounted on the table top within the 
confines of the cover. 

Many thousands of printers have been installed and are in use today on 
tables c£ the three types shown. The tables were furnished as standard until 
early in 1940, and income cases are still being furnished, due to shortages of 
materials required for the manufacture of printer consoles. It will be noted 
that modern arc welding practices were followed, especially in the construction 
of the table and cover shown in Fig. 1. 

In appearance, the tables and covers do not form a harmonious whole, as 
a combination of separate parts, each part for its own specific purpose, im 
variably produces a stilted or “built-up” impression. It was to overcome this 
stilted appearance, as well as to conform with modem design of furniture 
and fixtures, that the printer console was introduced early in 1940. It is 
shown in Fig. 4 in normal operating position, and in Fig. 5 with doors opened 
and the printer placed on a maintenance shelf to facilitate servicing. All 
auxiliary parts required for operation, including wiring cabinet with signal 
light and switch, printer base and paper roll, are enclosed within the console. 

The console is constructed primarily of 14-gauge cold rolled steel, stretcher 
leveled. It may be noted in the pictorial view that arc welded construction 
is employed throughout. Welds along surface joints or seams are continuous. 
On flat surfaces, they are ground smooth. Along contour edges or corners. 
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all welds are carefully ground to a uniform radius to match adjacent bent 
?teel sections. Inside joints are secured by tack welding or short arc welds at 
spaced intervals. Auxiliary steel parts such as hinges, channels, angles, straps, 
tubes, etc., are attached in like manner. 

The maintenance shelf shown in the sectional plan view of the drawing 
consists of a rectangular pan with sides and bottom flange welded at the four 
corners for rigidity. The pan is fastened to the under side of the front apron 
by a continuous hinge. It is supported in open position by telescopic square 
tubes angularly spaced, with the outside tubes welded to the pan and the 
inner tubes extended and braced against the side walls of the console. To 
close the shelf, the inner tubes are released from the side wall pin catches 
and telescoped within the confines of the shelf, which is swung into position 
under the deck of the console and held by a catch. 

A wiring cabinet of arc welded construction is mounted on the thick 
wood deck as shown in the partial view. It is mounted to the wood deck in 
order that it may be readily removed to allow for variations in the auxiliary 
wiring material depending on the electrical requirements of the circuit. The 
thick wood deck provides an effective barrier to the transmission of noise. 

The construction methods indicated on the drawing are those preferred in 
several well equipped sheet metal factories. Alternate methods of construction 
and attachment, especially with reference to parts inside the consoles, may 
readily be employed as dictated by the machinery at hand and the number or 
consoles involved in specific orders or contracts. Consoles are subject to minor 
variations to meet the different printer and operational requirements. Orders 
for consoles have accordingly been limited to quantities of 300 to 500. 

Console for Multiple Copy Printers—The console and tables described 
in the preceding paragraphs are used with printers producing single copies, 



Fig. 3, Table and cover for installation in limited space. Fig. 4, (right). Modem 

printer console arc welded throughout. 
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Fig. 5, tleftj. Arc welded printer console in open position. Fig. 6, (right). Table and cover 

ior multiple copy printer. 
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fed from a rod. By the addition of an attachment known 
i, multiple copies on carbon are produced. In this instance, 
•:cd in fanfold as shown in Fig. 6. The table is identical with 
r :g. 1. The use of another addition to the table and cover 
rlines the “built-up" impression produced as of a home made 


A console for multiple c 
rear views, respectively. It 


try printers is shown in Figs. 7 and 8, front and 
* similar to that shown in Fig. 4, with the except 
ticn that a compartment for fanfold paper has been built into the body. This 
compartment has a door in front as well as in the rear to facilitate loading, 
especially in cases where the console is placed against a wall. This console, 
compared with the single copy printer console previously described, demon' 
strates the flexibility’ in shape and dimensions attainable in arc welded con' 
s:ruction. No expensive dies are required to provide such variations as the 
characteristics of the machine or the requirements of the user may suggest. 

A Product of Industrial Design—Industrial design, an activity utilising 
modern design and construction practices (in many cases arc welded com 
structfon), has produced effects popularly (but in many cases improperly) 
described as '’streamlined". The value of such designs in the construction of 
many articles, used in business and in the home, has been clearly demon' 
strated in sales appeal. 

While the limits of industrial design are indefinite and subject to personal 
interpretation, the printer console could readily be considered within the 
limits of such design. It is constructed as a unit to dimensions and contours 
to meet the physical and mechanical requirements of the machine it serves. 
Of utmost importance, however, have been the requirements and desires of 
the user. 

The importance of arc welding procedure, in providing finished unit steel 
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products such as consoles which must be flexible in matters of size and con¬ 
tour, cannot be overemphasised. In fact, it would be impractical to consider 
construction in any other manner. In consideration of the clean, effective 
lines and finish, it may not be amiss to call attention to the absence of any 
unsightly screw heads or rivets, which may be verified by a glance at the 
photographs. As a matter of information, console installations may be seen in 
practically any city of importance in the country. 


Statistics 

A, Record of Comparative Costs* 

Table and Cover Combination 

Table Framework______$10.00 

Table Top-Plywood with Phenolic Fiber Surface__ 5.00 

Printer Cover - 12.00 

Printer Base with Rubber Mountings and Cover Support 

Plate . 7.00 

Wiring Cabinet with Hinged Access Door... 4.00 

Top Plate for Wiring Cabinet (Special Bakelite)... 2.00 

Bracket for Paper RolL. 1.00 

Total Cost of Parts...... 41.00* 

Assembly Cost (not req’d with console)... 6.00 

Additional Shipping and Handling Costs (estimated). 3.00 

Total Assembled Cost (not including printer and as¬ 
sociated electrical equipment) .__$50.00 


This figure ($50) does not include a maintenance shelf or other 
means for holding the printer cover during periods of maintenance. 

Printer Console 

Console, complete with maintenance shelf, printer base, wir¬ 
ing cabinet, roll bracket and all items with the exception 
of the printer and associated electrical equipment and 
comparable with the assembled cost of table and cover 
combination .....$40.00* 

* These costs (cents omitted) are taken from contracts placed for 
these items in 1940. They represent the delivered price to the buyer. 

The delivered cost of the console ($40) includes many items extraneous 
to arc welding. For purposes of information and to place arc welding costs 
in proper relation to the total cost of a console, average breakdown costs as 
prepared by manufacturers have been studied. Based on 20 per cent gross 
profit but not including factory overhead and incidentals, the cost of manu¬ 
facturing complete consoles packed for shipment amounts to 80 per cent of 
$40, or $32 each. Of the $32, the cost assembled in place of parts and material 
extraneous to arc welding amounts to $17. Such parts and material including 
labor, include plastic window, maintenance shelf, wiring cabinet and plate, 
printer base and rubber mountings, wood deck, acoustic padding, rubber and 
felt parts, hardware, baked crinkled finish, name plates, packing for shipment 
and minor incidental parts and material. 

It is interesting to note that the cost of manufacturing the bare steel con¬ 
sole proper, as shown in the pictorial view of the drawing, amounts to less 
than half of the total cost, or $15. Of the $15, the cost of the steel, including 
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Fig. 7. (left). Console for multiple copy printer. Fig. 8 (right). Rear view of console for 

multiple copy printer. 


wastage, amounts to approximately $6, allowing approximately $9 for blank' 
ing and forming the parts and assembly by arc welding and grinding of all 
exposed welds. 

B. Printer Installations 

Installations in customers’ quarters by various companies may be tabm 


laced as fellows: 

American Telephone tf Telegraph Co. (TWX Service)_14,863* 

American Telephone tf Telegraph Co. (Private Lines). 7,281* 

Western Union Telegraph Co. (Tie Lines)..13,600** 

Western Union Telegraph Co. (Telemeter Service).. 1,200** 

Postal Telegraph Co. (Tie Lines). 6,983** 

Associated Press, estimated........ 1,500 

Other Privately owned systems, estimated_ 1,000 

Estimated Growth for 3 companies since 

Reports to F.C.C. .... 3,500 


Total Printers in Service (partly estimated)...49,927 


*From. Report to Federal Communications Commission, December 31, 1940. 

**Frcm Report to Federal Communications Commission, December 31, 1941. 

Conclusion—Improvements in arc welding procedure or in the art of 
arc welding are of tremendous value economically and socially in normal 
times. In tnese war times, improvements are of incalculable value from a 
military standpoint. Of equal or of even greater value are improvements in 
design for arc welding. The printer console as described in this paper is 
respectfully submitted for consideration in the category of improvements in 
design. 

Referring to the Record of Comparative Costs, we note that a console, 
which is the modern improved design for a printer housing, actu ally costs 
$10 less than a combination of table, cover and other associated parts to serve 
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the same purpose. This simple comparison of costs, however, does not portray 
a true value of the design in its broader aspect. A printer represents an in¬ 
vestment of hundreds of dollars and considering its wide usage in well fur' 
nished offices, it should merit an attractive housing in keeping with its 
surroundings. It is always difficult to place a monetary value on improvements 
in appearance of equipment, especially the equipment of service companies, 
which is normally not for sale. If, however, the printer in console may be 
considered a DeLuxe model of a separate table and cover combination, the 
improvement in design should reasonably be valued in multiples of the actual 
310 saving in cost. 

From the record of installations, we note that approximately 50,000 
printers are in use in customers 1 offices. Of these installations, approximately 
1 500 are enclosed in consoles. Additional installations are being made regu' 
lady dependent on the availability of steel. 

As previously discussed the actual monetary saving on each console is $10, 
the reduction below the cost of its predecessor, the table and cover combina' 
don. The use of the console for each of the 50,000 printer installations 
would result in a cash saving of half a million dollars. The value of the 
console as an improvement in printer housings should, however, be con' 
sidered in the light of many indeterminable factors such as appearance and 
space requirements, as well as noise reduction, utility, and pride and satis' 
faction of the user. All of these factors have a direct bearing on the accuracy 
and efficiency of the operator, and far overshadow the half million dollars in 
cash saving. The value of the console may therefore be considered in terms 
of millions of dollars. 



Chapter V—Pipe-Frame Office Chair 


By Eldridge T. Spencer, 

Architect, San Francisco, California. 


Subject Matter: An office chair which was functional and mod' 
ern in appearance, adjustable in height and back support, 
movable, compact and economical in maintenance was desired. 
Designed by the author, the framework was made of arc welded 
steel pipe. The back is on swivel joints so that it follows the 
body in leaning or straight position. The seat height is adjust' 
able by moving it back and forth as is done on automobile 
seats. The frame is mounted on rubber casters. Appearance is 
definitely functional. Seat and back are upholstered over foam 
rubber and, hence, can be re'upholstered when nceessary. The 
back is mounted off center so that adjustment is made by merely 
rotating it through ISO degrees. 

Since the chair is net to be carried, the weight of the steel over 
lighter metal added stability. In the 1941 chair of similar de< 
sign, the rear leg, arm and back support was one piece of bent 
pipe. ^ Ber.cing cost $2.00 per leg. In new design by using 
straight sections and adding two welds, the cost of welding was 
5Cc _per leg. An estimate of 15 per cent saving by using arc 
welding is made. The chair meets all the original requirements. 

Design—When a certain corporation finished its chemical industrial plant 
in California in 1941. the owners began looking for a chair that they could 
use in their administrative offices. These were housed in a completely func' 
tional, modern streamlined building. The chair was to be used at long 
stationary desks rtted with demountable extension wings. It was to be 
adjustable in order to accommodate slim girls as w 7 ell as two hundred pound 
men. ^ Since men and girls often changed places all adjustment w 7 as to be 
quicxiy ^made. In addition tne chair was to be easily movable from side to 
sice anc tack and rorth to allow for work at the desks when the extension 
wings were m p^ace. For economy of space the chair was to be compact. For 
economy in cost it was to have no extraneous detail or ornament. For 
economy m maintenance it was to be durable and the parts easily replacable. 

Vv r.en tne^ corporation failed to nnd a chair that fulfilled these require' 
meats trmy askec the architect of their plant to design one for them. The 
aremtecr,^ tne writer a tins paper, designed not one but two. It is the 
seccnc or tnese, or more accurately speaking, the pipe frame of the second 
which :s entered in competition. After experimentation it was decided that 
tne easiest adjustment to make tor height of occupant was the backward 
and ferny arc ^slicing adjustment of seat that is used in the driver’s seat of an 
automocLe. ^ 1 nerercre tne seat was made to slide on the two side pipes of the 
supporting frame anc ne.d m place by means of a butterfly nut. As in an 
automobue tins adjustment could, be made while sitting in the chair. 

An adjustment of tne back was made also, both for height of occupant 
and for posture. In recent years employers have become aware of the 
importance of posture, particularly in the case of sedentary workers whose 
pasture depends largely on the chair provided by the employer. For good 
posture tne back of tne occupant must be constantly supported in an upright 
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position. This means that the angle of the chair back should change as the 
occupant leans forward or back. In the chair under discussion a straight 
back revolves on a swivel joint nine inches above the seat of the chair. As 
the occupant leans forward the back follows and vice versa. Furthermore, 
though the back is symmetrical top and bottom, the point at which it swivels 
is offset one inch from the horizontal center. This makes it possible to raise 
or lower the top of the back two inches simply by revolving it one hundred 
and eighty degrees. To add comfort to good posture seat and back are 
cushioned with two inches of foam rubber. 

The chair is compact. The arms extend only ten and one half inches 
from the line of the back, far enough to give support and not far enough to 
interfere with easy access to the lower compartments of the desk. In fact 
all parts of the chair are made as small as their proper functioning permits. 
Front legs are perpendicular and set just back of the front line of the seat. 
Rear legs which extend upward to support the arms are snubbed in at the base 
so as not to occupy too much space. So that the chair may move easily as 
the occupant turns from side to side or pushes back, it is fitted with two 



Fig. 1. The subject of study. 
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inch commercial rubber casters which roll noiselessly over a smooth concrete 
floor kept at a comfortable temperature by radiant heat. 

In addition to being easily movable, compact, comfortable and easily 
adjustable thus fulfilling the requirements of function, the chair, (See Fig. l) s 
fulfills other requirements of good industrial design, namely that materials 
be used efficiently and frankly and that good engineering be synonymous 
with good esthetics. 

Considering first the use of materials, the frame only is of pipe chosen 
for strength and availability. The frame has no moving parts. The frame 
is a good example of precision design made practicable by arc welding assem¬ 
blage. It is the frame that is the subject of this paper. The seat and back 
are of plywood chosen for relationship of strength to weight and site and for 
ease in cutting. Seat and back are cushioned in foam rubber chosen for 
comfort and simplicity of assemblage and upholstered in mohair frise chosen 
for durability and considered preferable to leather or fabricoid since mohair 
decreases wear on clothes and dees not tend to stick in hot weather. Arm 
rests are of wood used because wood is warmer to the touch than is metal. 
The chair could be complete without casters. 

Considering the requirement that good engineering be synonymous with 
good esthetics, the chair has style. That which has given it style more than 
anything else is the solution of the problems of manufacture and the use of 
arc welding. Indeed, without welding, it would be impossible to realise the 
full engineering and style possibilities of the pipe. For comfort, the arms, 
at the point where they are supported by the rear legs, are three inches 
further apart than are the legs where they meet the floor. For facility of 
manufacture, rear leg, arm support and back support are on one plane so 
that the pipe can be placed in a jig and quickly tacked by arc welding. This 
being the case, as legs are brought together at the floor arms slant outwards 
giving the chair an inviting air. 

The definition of planes is made as precise as possible and the number 
of planes reduced in the interest of fabrication first and of style its inevitable 
counterpart second. The planes are six: those of the rear legs, arms and back 
support, that of the rear legs and stretcher, introduced for strength but con' 
tributing to style, the plane of the back, the plane of the seat and the plane 
c£ the front legs. 

The pip? frame has a baked enamel finish. The walnut arm rests a varnish 
finish o--er bleach to harmonics with the wood of the desk tops. These high 
polish finishes are durable, easy to maintain and contrast pleasantly with the 
texture efi the mohair back and seat. The pattern of the upholstery is geo' 
metrical and appropriate for a chair whose style depends on precision 
engineering. It is based on diagonals and realised in texture rather than 
in cel :r. Color, both of mohair and of pipe is a slightly grey Copenhagen 
blue, the same color that is used on the steel sash of the windows of the 
offices where the chair is installed. 

Fabrication—The frame of the chair is constructed of three quarter inch 
commercial steel pipe chosen for its strength and availability. At the time 
or fabrication there was thought of using tubing. However this was not 
obtainable. To the delight of the designer, the weight of the chair, thirty 
pounds, has given it stability and reduced the hazard had a lighter tubing 
been used of the chair skidding out from under its occupant. Furthermore, 
since the chair never has to be lifted, the weight is in no way a detriment. 

The chair has eighteen welded joints, all of which join only two pieces 
or pipe, never more, to simplify fabrication. For example front support of 
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Fig. 2. Details of chair frame. 1941 and 1942. 

chair seat joins with side supports just back of joint of front leg with side 
support. From the point of view of fabrication, design and style the most 
interesting part of the chair and of the chair frame is the rear leg, arm and 
back support. The four pieces of pipe forming this member were placed 
in a right hand jig, tacked with an arc weld, then placed in a left hand jig 
and tacked again. Once these members were assembled they were held in 
place with spacers and the back support of seat and the stretcher welded 
in place. The whole design of the chair depends on the accurate alignment 
and rigidity of this portion of the frame, for the frame, at the points of sup¬ 
port of the revolving back, must not only be strong but must never vary 
in width. To prevent any tendency of these points to spring apart the back 
stretcher was introduced. To secure speedy and perfect alignment arc weld- j 
ing was necessary. | 

As was stated earlier, two chairs having the same functional requirements 
were designed for the Corporation, the first in 1941 and the second in 1942, 
(See Fig. 2). The chairs were identical except for the form and construction 
of the rear leg, arm and back support, which in the 1941 chair consisted 
of a curved pipe as shown in the drawings. In the 1942 chair, costs were 
cut and time of fabrication reduced when the curved pipe was replaced 
by straight pipe and two additional welds. 

Bending pipe in the 1941 chair cost $2.00 per rear leg, arm and back 
support. The additional two welds in the 1942 chair cost $.50. The dif¬ 
ference, $1.50 per rear leg, arm and back support or $3.00 per chair is the 
savings made by the change in design and fabrication. As the pipe frame of 
the 1942 chair cost $15.00, this savings amounts to 20 per cent. An additional 
savings of 28 per cent was made in the time of fabrication as the 1941 chair 
frame having curved pipe was more difficult to assemble. It is interesting 
to note that the improvement in the 1942 chair was due to lack of equipment 
to build the first chair as the pipe bending machine used in the fabrication 
of the 1941 chair, in 1942 was in use in the airplane industry. The result 
was a better, cheaper chair that could be fabricated in any shop equipped 
with a pipe cutting saw and an arc w/elding outfit. 

It is difficult to estimate the total annual gross savings accruing from the 
use of arc welding by the company which produced the chairs or the total 
annual gross savings accruing from arc welding in industry in producing 
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chairs of this type. The company, the manufacturing company, cannot now, 
on account of priorities and restricted use of critical materials, continue pro¬ 
duction. Furthermore this chair could not have been produced at all had it 
net been ordered by a firm engaged in war industry which had a high priority 
rating applicable to the purchase of equipment at the time the materials used 
in the chair were purchased. 

It is possible to estimate in percentage the savings made in the manu¬ 
facture of this chair by means of arc welding over its possible manufacture 
by some other reasonable means of manufacture such as acetylene welding. 
Were the assemblage of the frame by arc welding abandoned for its assem¬ 
blage by acetylene welding it would be necessary to clamp the pipe into 
a term before welding. This would be a more time consuming process than 
that of placing the pipe in a jig and would add approximately 15 per cent 
to the cost. Or saying it the other way around, the savings accruing from 
the use of arc welding in the production of the chair can be estimated at 
15 per cent. 

Advantages—The chair is an exceedingly durable structure. Its pipe 
frame should last as long as the concrete and steel buildings which comprise 
the plant where it is installed. Strength of the pipe makes elimination of 
stretchers possible, which in turn makes movement of occupant easy, facil¬ 
itates janitor service and dusting, and decreases destruction of silk stockings. 

The chair is easy to maintain. Parts most subject to wear are simple 
to remove and replace: for example, casters, arm rests, seat and back. They 
are also easy to reproduce or to reupholster. Actually the mohair on the 
sea: and back is an exceedingly durable fabric so that reupholstering should 
net be necessary for many years. 

The chair is very simple to produce. In the normal market all of the 
materials ^used are quickly available. Furthermore, as the pipe frame can 
be assembled without the use of heavy pipe bending machinery, it is a 
product suitable to produce in small shops. At the same time, its adaptability 
by means cr easy adjustments makes it a product suitable for large scale 
production. 

Tne chairs adjustability to sire of occupant and the good posture it tends 
to enrcrce give it great social advantages. Good posture is a necessity of good 
heaitn and especially in the case of the sedentary worker tends to eliminate 
fatigue. Elimination cr ratigue means greater working efficiency and an 
enormous saving in man Hours. This saving and all the other advantages 
ot the chair may be considered a result of arc welding, the method by which 
the ^ pipe rrame was assembled and the most speedy, economical and prac¬ 
ticable method of such assemblage. 

General Data—The chair frame which is the subject of this competition 
is mace or commercial steel pipe assembled by arc welding. It weighs sixteen 
and tnree-eightns pounds. It cost $15.00. Due to a shortage of material 
omy^ twenty'four cnairs were ^manufactured. This chair frame was designed 
by tne autnor ror tne Turlock, California Plant of the Chemurgic Corpora¬ 
tion. It was iaDneateci following full sice drawings supplied by the author. 





Chapter VI—Welded Display Holder for Printed Matter 
By Victor Paul Weidner 

Engineer , Western Union Telegraph Company , K[ew T or\ t T. 



Subject Matter: Holder so designed that printed matter will not 
droop quickly. Photographs and prints of a wooden, a plastic 
and an arc welded unit are included. A comparison chart pre- 
sents the essential features rather uniquely. 


Victor Paul Weidner 


Prior to 1940. holders to display printed matter were made of wood but 
were considered unsatisfactory because of their high upkeep. To replace 
these, the author substituted a new design to be molded from plastic, hoping 
that this type would be a better solution but the experiment was not quite 
feasible. Further research was carried on which resulted in the design of a 
metal holder. This last type has been selected as the subject of this paper. 

During the period in which the final design was under consideration it 
was discovered that curving the front faces of the holder helped to stiffen 
the printed matter which heretofore had had the tendency to droop at the 
top, thus hiding its caption line or title. This drooping effect had been 
caused by the action of humid weather on the paper stock or after being 
displayed for a short period of time. 

Ten test models were fabricated for our exhibits at the 1940 New York 
World’s Fair where they were subjected to every kind of hard service. These 
models were made of sheet brass with braced joints and were chromium 
plated for show purposes. This model proved too expensive to make up in 
large quantities, therefore, it was decided to use sheet steel. As this holder 
was to be the first metal-type equipment to be installed on the counters in 
the company’s branch offices, its appearance was an important factor. All 
joints had to be neat and clean-looking and no hazards were to be reckoned 
with under usage by our customers. Welded seams ground off smooth or 
to a small radius were then specified on the drawings. The design has been 
standardised for general use and is stocked at our company warehouses 
throughout the country. 

The Comparison Chart—All information that is necessary for the proper 
comparison of the three types of holders has been entered on the accom¬ 
panying “Comparison Chart”. It is hoped that this method of illustration 
will facilitate the analysis of the paper. There have also been included four 
photographs, Figs. 1, 2, 3 and 4 showing the 3 types. 
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There also was a certain amount of 
money saved on printed matter because 
the curved front helped it to retain its 
shape, thus making it usable for display 
for a longer period of time. 










,, ,, ^ Ficr i Display holder, wooden type. Fig. 2. Display holder, plastic type. 

(Leit to type. Fig. 4. Display holder, welded type. 

Further Uses— This display holder while primarily designed for the use 

- 1 1 • Li„ n h. -on alcn be used for the cisniav of other types of 

or telegraphic biaUKs, n aiiO ce uaeu iux - - i ^ i -u i 

printed matter, such as railroad time tables, air transport schedules, hotel 
reservations and for sales information for department stores. 

~ If built in sice on a somewhat larger scale, current issues of magazines, 
tabloid newspapers, sheet music and similar items could be displayed m a 
neat upright manner without the wilted'flower effect so many of them get 
?ite r beintf on display for a snort period of Lime. 

Conclusion —Our" company has found that the process of arc welding 
has assisted our work in the following ways: 

1. It has helped us create a well-styled commodity which has enhanced 
the display of our advertising matter. 

2 It has helped keen this material in good shape for a longer time than 
the "older* types* of holder, thus saving some money when we discarded 
decrepit looking matter. 

h It has been a vita! factor in lowering the cost of the holders and yet, 
at the same time, making them more durable. 

u It has helped eliminate those small personal hazards of splinters and 
7vhieh have always been so objectionable from our customers' view- 





Section VII 

Commercial Welding 


Chapter I—Developing and Conducting a Commercial Welding 

or Job Shop 

By Fred H. Drewes 

Welding Engineer , W. P. Thurston Co., Engineers and Contractors, 
Richmond, Virginia 


Subject Matter: A thorough discussion of all the items that 
should be considered in establishing and maintaining a shop. 


Plant Layout, Design and Equipment—Erecting and equipping a new 
welding shop represents the largest single investment the average commercial 
welder will make in a lifetime. So out of respect to cost, if for no other 
reason, the undertaking demands thorough study. Every single item, large 
or small, deserves careful and deliberate planning. Each detail, no matter 
how insignificant it may first appear, contributes to the total cost of the 
undertaking. In the final analysis, it materially affects the efficiency, the 
economy, the coordination of the finished shop when the construction men 
withdraw and the equipment is put in motion. 

Whatever may be the size or thoughts in regard to the intended shop, 
the small items should be watched from the start. Since the principal objec' 
five of the new shop, or as is often to be referred to in this paper as 'the 
new plant’ because it is the new plant of the commercial welder—to fulfill 
a definite need, every single provision in the plans—every little item or 
detail—must contribute toward meeting that need. 

Those in constant contact with plant layout and design discover that the 
safest way to avoid errors is to plan correctly from the very beginning. The 
starting point is the need for the new plant or shop. 

First, it should be necessary to determine that the present shop—meaning 
machinery, equipment, and building—is worn out. 

Second, establish that it is a fact that the business has outgrown present 
facilities and quarters and demands expansion. 

Third, that it is a fact that the old shop and property are out-moded 
and consequently a detriment to future growth of the business. 
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REAR FENCE 



Fig. 1. Compact arrangement ot job welding shop, main floor. 

Havin g established that a new ’’home’ is necessary for the business, it 
should men be used in mind and on paper as to what type of building and 
where located ^to make for simplicity of operation, efficient and economical 
production. The routine, then, is one of seeking the counsel and assistance 
of. . . . First, capable minds within the industry whose duty it is to advise 
commercial welders and job welding shops for the specific purpose of im' 
proving and expanding present shops or building new shops. They are found 
among the equipment houses and manufacturers of the equipment used in 
arc welding. ^Second, capable architects who have had experience in and 
w ho have made a study or plans for job welding shops. An architect schooled 
in industrial plans such as those required for job welding shops is essential 
in completing the undertaking. 
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Selecting the Plant or Shop Site—After viewing the contemplated under' 
taking strictly from the practical angle, follow through from start to finish 
on the same practical plane. Select a number of possible sites for the location 
of the new shop. Analyse each one from every conceivable standpoint in 
relation to its contribution to the efficiency, economy and value to the 
business. 

1. Is the site suitably located with respect to territory served? Is it near 
the center of distribution? 

2. Is the plot of ground level, sloping, hilly, of good foundation, suf¬ 
ficiently large to permit future expansion and to permit present landscaping? 
Will it accommodate the type and site of shop desired? 

Without forethought and careful planning, it is possible to spend $50,000 
on a plant or shop and not have the shop that is wanted, while $30,000 will 
answer every single need if spent wisely. The degree of planning necessary 
must spring from the ground up—from the actual selection of site after needs 
have been defined. 

There are other considerations essential to selection of the proper site 
and to the type of building conceived. For example both the proprietor and 
the architect must know such details as how many streets adjoin the lot. 
If two streets, where are they—one in front and one across the back? Or 
is it at an intersection? Is there an alley? What types of business are operated 
on either side and in the rear? What’s across the street in front of the site? 
Is it a residence or a business? Is the site in a residential section or strictly 
an industrial gone? All these factors govern initial conception of the type 
of plant to be erected, and they have definite relation to the cost. There’s 
one other consideration: When buying a new site, it is well to remember 
that the erection of the new plant will enhance the value of the surrounding 
property. The job welder is not in the real estate business, but if adjoining 
property is available at reasonable cost, often it is a good investment to tie 
it in with the purchase of the plant site. It can be sold off later at a profit. 

City zoning ordinances should be examined before buying the property. 
There may be certain restrictions that would prove disastrous. The architect 
is probably familiar with toning laws as well as building codes and insurance 
requirements, and the architect should be consulted on these points. 

Planning the Building—-After detail requirements have been provided 
for and the site selected, the next logical step is to commence planning the 
building. Here, too, the procedure is from the inside out, not from the 
outside in. Design and appearance come second. First, visualise the needs. 

Visualizing the New Shop—The only proper way to arrange a positive 
conception of the undertaking is to work it out roughly on paper. Draw 
the lot lines, then fit the building into a given area within these lines. In' 
dicate wall arrangements showing division of offices, the shop proper, storage 
spaces, and other desired arrangements. Indicate loading areas and openings. 
With colored pencil, spot the various pieces of equipment and machinery, 
showing spacing arrangements, working areas and aisle space. 

The Movement of Materials—Having made the initial rough plans, the 
next step is to study the movement of materials into and out of the shop. 
Indicate on the plan the spot where they are to be unloaded, carried into 
and stored in the shop. If there is any congestion due to limited aisle space, 
this should be eliminated and will likely call for slight revisions in the plans. 
Any congestion causes delay in the movement of materials, and this delay 
slows down work in the shop. 
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Cal! in the Architect—-The rough plan, naturally, cannot be turned over 
to a building engineer or contractor. It is time now to call in the architect, 
who is to work out details of the construction. A capable, trained architect 
is an essential at this point. He knows the suitability of construction 
materials, local building restrictions and requirements, and minute details 
of architectural engineering to such an extent that he can save money many 
times in excess of the fees that he will charge. The architect cannot be 
expected to Interpret desires or problems of the individual job welder, there- 
fore, it is important to lay before him complete details of the plans originally 
conceived for the type of building desired. He cannot be expected to be 
familiar with intimate peculiarities of the welding business, even if he has 
studied It, for each individual shop and job welder presents particular prob¬ 
lems. Give him the rough plans and the benefit of full counsel. Caution him, 
guide him, and at the same time listen to the architects advice. If the 
architect’s plans are fitted specifically to the needs—the practical require¬ 
ments—a coordinated plant will be assured. 

Other Considerations—Now that the architect has been called in, the 
practical procedure cannot be dropped. A plant or shop that is to be a success 
from the construction angle requires follow-through on the part of the 
management, and this follow-through must be applied to numerous other 
considerations in order to guard against slip-ups in little details that will 
occur despite carefully thought-out plans initially. These other considerations 
are touched upon very briefly under the following subhead classifications: 

Structural Frame—Reinforced concrete or steel may be used. With 
reinforced concrete, the columns and beams and girders are of poured con¬ 
crete with steel reinforcing. Floor slab is concrete with clay tile in the 
offices. In the shop the floors are the same as for the concrete frame. In 
some of the smaller plants, roof framing is done with wood. 

External Appearance—The building’s external appearance should be in 
harmony with surrounding buildings. Regardless of location, certain funda¬ 
mentals apply: Clean, neat appearance of the building; well landscaped yards 
and spic-and-span drives. Have a shew window—show the public what’s 
going on inside , behind a large plateglass window. These intimate details 
should be provided for in the final plans submitted by the architect. As to 
desig n, exterior walls may be of brick or a combination of brick and 
lead-hearing tile. Regardless of the practical arrangements planned for de¬ 
partmental and mechanical coordination of the plant inside, the appointments 
can be made attractive and pleasing, and should tie in definitely with impres¬ 
sions conveyed by the external appearance. 

Interior Finishes—For the shop, stock rooms and storage spaces, the 
floors should be troweled cement. The office portion of the building may 
be finished as simply or as elaborately as the owner desires. A happy medium 
for finishes in this portion of the building seems to be plaster walls and 
ceilings, terracco cr asphalt tile floors, wood trim and wood doors. The 
owner’s office may be paneled with wood, or Flexwood, at no great cost, and 
depends upon the owner’s desires or tastes. 

The proper location of the offices, so that they are easily accessible both 
from the street and from the interior of the shop, is not a difficult problem. 
If possible, the interior of the shop as well as other areas of the building, 
should be visible from the management’s office through spacious windows. 
Sometimes It Is advisable to arrange this visibility from the foyer, if one 
is provided, so that visitors may view the interior. 
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The lobby and general office may be one large room divided into units 
by high counters. A small fireproof vault adjoining the general office is 
desirable, and is relatively inexpensive. Extra office space, rest room facilities 
for office employees, and meeting room might also be provided. The assembly 
room should be large enough to accommodate every member of the organiza¬ 
tion and should lend itself to meetings and classes. 

One of the common faults in shop construction is failure to build the 
floors with proper slope and of proper material. Drains are essential. Floor 
drains complete with strainers and traps are preferable, the pipe having 
a diameter of 3 inches and constructed of extra heavy metal to resist corro¬ 
sion. Adequate slope is essential to all drain lines so that stagnation may be 
avoided. Drains are preferable to gutters. 

Walls and Ceilings—Clearance between machinery and walls and ceil¬ 
ings is important, and sufficient clearance must be provided for in the plans. 
All machinery and equipment must not be less than two feet removed from 
walls. Alleyways and working aisles between equipment and walls must 
be not less than three feet wide. 

Location of Equipment—Proper location of equipment is important to 
the efficiency and economy of the plant. Correct placement with minimum 
lost motion between correlated units provides close control over handling 
operations and enables management to prevent cross traffic and avoid bottle¬ 
necks in operation. 


OUR DESIRE IS 

To serve with justice and 
integrity those whose property 
has been, entrusted to our care. 

To take no unfair advantage 
of our customers. 

To support right principles 
and oppose bad practises in 
workmanship, 

To develop character, ability 
and knowledge in our employees. 

To value honor above profit. 

Thus to be faithful to our¬ 
selves and to those we serve, 

YOUR WELDING SHOP 
1625 N. Main St. 

DIAL 3-450 


Fig. 2. Copy for sign board. 
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Heating, Plumbing, Ventilating and Electric Wiring—These items usu¬ 
ally fall under the head of miscellaneous equipment. The heating of the 
shop is usually done with a low-pressure steam or vapor system. In some 
of the larger job welding shops closely allied or in the same building with 
a large machine shop, high-pressure boilers are used but a^low pressure boiler 
will handle the majority of plants. Unit heaters, which are efficient and 
economical, are usually used in all spaces except in the office where radiators 
are usually employed. Some type of automatic firing should be used even 
in the small plants. This firing may be dene with a mechanical stoker if coal 
is used, or an automatic oil burner if oil is used. Of course, if gas is used, 
the firing is automatic. The plumbing can give more trouble or more satis¬ 
faction than any other one item, x o start the plumbing system right, use 
a large incoming line from the city main. Even the smaller shops should not 
use anything; less than a two-inch line. Gheck the city water pressure and 
if found too great for ordinary fixtures, install a pressure reducing valve 
on the lines going to the ordinary fixtures. 

Good fixtures and plenty of them are needed. A lot of time can be 
wasted around a shop by continually working on fixtures, and by employees 
waiting around toilets and locker rooms. 

In water supply lines and heating lines, galvanised steel pipe, wrought 
iron pipe, copper or brass pipe may be used. Cast iron is used for sanitary 
sewer lines. The building codes should be consulted for weights and all 
requirements for plumbing. 

* The ventilating system is another part of the mechanical equipment that 
should receive careful attention. Provide sufficient windows for natural 
ventilation. Toilets, if placed inside, can be ventilated with rotary roof vents. 
If the boiler room is placed below grade, thereby eliminating window vents, 
a small fan can be installed in the boiler room to force the air out at any 
given point. 

Every shop must provide for adequate wash room and toilet facilities. 
Previsions can easily be made in any completed plans for the necessities. 
Locker rooms or locker space for the shop men can easily contain toilet and 
wash room facilities, located off storage areas. 

Loading Facilities—One of the weak points in plant and shop construc¬ 
tion in recent years has concerned unloading and loading facilities. It is not 
uncommon to find a welder who is losing hard-earned money in lost motion 
in the distribution system simply because of lack of proper unloading and 
leading facilities. The movement should be straight-line, from unloading 
area to leading area, or from truck to platform level and then ramp to 
ground cr floor level. No matter how small or how large the shop, facilities 
can be properly planned to save truck time, wasted motion, and eliminate 
cross traffic in the shop. The shipping and receiving platform should have 
a roof ever it, and the edge of the platforms should have */2 °f a 6-inch 
pipe embedded in the concrete at the point of pouring. This pipe forms a 
round guard that will not cut tires. Full consideration must be given loading 
and unloading provisions in the plans for the new building and "home’ for 
the commercial welder or job shop. 

Drives and Garaging—The lay of the lot and type of building governs 
driveways almost entirely. One driveway employing one gate or opening 
both for entrance and exit is all that is necessary. 

Garages may be divided into two main classifications—the individual 
garage and the group garage. The individual garage can be located apart 
from the main building in temperate climates where winters are not too 
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severe. The group garage, housing the trucks and other company cars in 
a common space, can be handled by erecting a large enclosed space at the 
rear side of the building. This space can be used as loading area and for 
the storage of trucks and cars as well. Spaces for repair shop can be cut 
off in a corner of this area. This system has the advantage of having the 
loading area, platform and garage enclosed which has proven an advantage 
in colder climates. 

In estimating spaces for garages, allow a space of 10 feet by 30 feet for 
the average size truck. Of course, light pick-up trucks will require less space. 
If the garaging facilities are provided for under the roof of the welding shop 
proper, as is essential in some climates and sometimes preferred by the 
individual shop owner, ample space should be provided for turning and 
parking to avoid congestion. Adequate space also is important in the open 
yard in front of separate garage. The follow-through demands attention 
to every little detail, for easy maneuverability of trucks in and out of the 
shop makes for smoother distribution and more economical delivery. Correct 
depth of garage space between garage and main shop, and adequate provision 
for drives must be contained in plans for the undertaking. If only one drive¬ 
way is afforded by the ground on which the building is to be erected, then 
this driveway should be sufficiently wide for the passage of two vehicles. 
Such minor details as rounded footings to corners of garage entrances, door¬ 
ways and gateways, as guards against damage to fenders and the entrances, 
are essential in thorough planning. The average commercial welder has 
never had sufficient storage space since he traded the old horse and wagon 


BEWARE 

Your doing business with us 
is the best Insurance you can buy® 

Beware of any person who tries 
to Influence you to take your 
business to sows other company; 
as the only one to profit by such 
a change would be the other fellow ~ 
- not you.. . . 

Insist on consulting us before 
taking any action® Get his prop¬ 
osition, then call upon us for infor¬ 
mation and counsel, which will be 
freely and gladly given.. 

YOUR WELDING SHOP 
1625 N® Main St® 

DIAL 3-450 


Fig. 3. Another sign board suggestion. 
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for a motor truck, and substituted real outdoor advertising in place of 
calendars. And in the beginning, he never dreamed of the modern bar 
racks and arc welders and quenching tanks. Consequently in the new shop, 
he should resolve to secure ample storage space for materials and equipment. 
In the writer's conception of a modern small job shop building handling 
a general line of job welding, the 1'Story building, strictly modern in design, 
has neither basement nor second floor. Some of the finished products are 
intended to be displayed behind the large window in the left foreground, 
as well as providing a general view of the main shop to the passer-by and 
also to afford ample light and ventilation. 

Fig. 1 is a floor plan of the small job welding shop. Compactly arranged, 
this set-up permits smooth movement of materials and finished goods. Garag- 
ing and loading platform are combined in right rear. This plan, of course, 
is variable. 

The Equipment Needed—Shop facilities must obviously be provided if 
an acceptable and profitable job welding shop is to be presented. Quite 
naturally any plan such as shown in Fig. 1 is of a tentative nature and must 
be adapted to existing buildings and facilities unless the business is located 
in a new building especially constructed, such as the plant layout and design 
previously referred to. The present extent and arrangement represents an 
average layout consistent with budget limitations. In establishing a com- 
mercial welder or job shop, it is perfectly feasible to install only one piece 
of equipment in each of the departments listed and still have a well-balanced 
shop. 

The following list of equipment is broken down for detail consideration 
and it should be emphasized here that although this layout represents a 
hypothetical laboratory or shop, the general arrangement and organization 
is the result of actual experience in planning and using this layout. For this 
reason due consideration should be given major departures from the arrange- 
men: shown. Following is a detailed list of the equipment shown in the 
plan and directly following this will be found a discussion on "the electric arc’ 
together with a study of the arc welding generator capable of doing every 
job that comes into the shop. 

LIST OF EQUIPMENT 

Metallographic: Micro Camera, Microscopes, Polishing Wheels, Belt Grinders, 
Grinding Wheels, Dark Room Equipment. 

Arc Welding Equipment: Single Operator M.G. Set 200-A, One Arc Gasoline 
Engine-Driven Railer Model 300-Amp., A.C. Transformer, 2 Welding Tables, 2 
Welding Booths, 2 Screens or Shields. 

X-Ray Equipment: Low-Voltage Machine (capable of penetrating 1-inch Plate). 

Physical Testing: Portable Tensile and Bend Testing Machine, Hydraulic Tester. 

Machine Tool Equipment: Power Hacksaw, Milling Machine, Surface Grinder, 
Bench Lathe. 

Resistance Welding Equipment: Automatic Flash Welder, 35 KVA Spot Welder. 

Oxy-Acetylene Equipment: Hand-Cutting Torch, Automatic Straight Line Cutt. 
Mach, equip pea ror F^arae Hard., Welding Torch with Cutt. Attach., One set of 
Regulators, Oxygen Cyunder 5 , Acetylene Cylinders or Acetylene Generator, Set of 
Gutting ups, Set of Welding Tips, Set of Cutting Attachment Tips. 

Accessories:. Electrode Holder, Wire Brushes, Chipper Hammer, Fibre Helmet, 
enf id and ohieic, V eiding Gauntlets—Leather and Asbestos, Welding Goggles, 2 
50 ft. Lengths Hose or I 50 ft. Length Twin Hose, M.S.A. Speedframe Goggles, 
Welding Gauge, Fume Collector. 

,, Supply: 110-Volt A.C. (Single Phase), 220-Volt A.C. (Three Phase), 110' 

u2Q Volt D.C. 
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PROFIT & LOSS STATEMENT 


PERIOD __ _ _ DATE 


1* 

Total Sales For Month (or Week) 


£• 

Less Mdse Returned 


3. 

NET SALES 


4. 

Invty.at Beginning of !£onth (car 

Week) 

5. 

Net Mdse • Purchases for Month (or 

Week) 

e. 

TOTAL 

7. 

Deduct Invty.at end of Month(or 

Week) 

8. 

Cost of Mdse. Sold 

9* 

Gross Profit on Sales 


10* 

DEDUCTS Truck Expense 


11. 

Freight & Drayage 


12. 

Salaries 


13. 

Overhead (Rent* Light.etc.} 

14. 

Losses from had A/o 9 s 


15. 

Other Expense 


16. 

Other Expense 

TOTAL OPERATING EXPENSE 



ADD: Any other income 

Any other income" 

NET IllCOm FOR MONTH (OR WEEK) $ m 


Fig. 4. Profit and Loss statement. 


Miscellaneous Equipment: Air Compressor or Compressed Air Cylinders, Plate 
Storage Rack, Bar Rack, Steel Work Bench, Steel Stools, Shoprobe (Clothes Storage 
Unit), Tool Stands, Tool Cabinets, Steel Desk for Welding Foreman, Parts and 
Supply Bins, Steel Tool Crib, Stock Cart, Steel Folding Chairs, Quenching Tanks, 
Lantern Slide Projector. 

The foregoing list of equipment is offered with one fact kept uppermost 
in mind, namely, the material and layout to assure a fair profit to the owner 
of the business is the major consideration and anything else is secondary in 
importance. 

When a shop starts to expand, it is some time before there is a full realisa¬ 
tion on the part of the management that the shop has grown beyond the 
old shop lay-out. A good deal of cost and confusion will be eliminated 
through prompt reorganisation and perfected lay-outs. 

In initiating work on a production basis, it should be borne in mind that 
additional facilities should be added to facilitate operating on a mass or 
production basis, for example, a complete designing or drafting room should 
be added in order that the product may be designed or checked in a pre¬ 
liminary way before the job is accepted, and to make the detail drawings 
before the job is accepted in the shop. 

These detail drawings should contain all information including the type 
of steel, the type of weld, the type of welding rod and any other information 
that the shop might desire. The drafting room should understand to a fair 
extent the shop procedure in building the product. The checker of the 
drawings should be thoroughly versed in every operation that the product 
takes through the shop because it is primarily the design and secondly the 
cost of fabricating that will obtain or lose a job. The checker should then 
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DATE 

DAILY RBOOBD OF SAL5S BY COMMODITIES 

COMMODITY 

UNIT 
(CU.FTa) 
LBS. EAe 

GROSS 

SALES 

■ 

■ 

TOTAL 

NET SALES 

PER DAY 
















SUPPLIES (GAS) 





GASES: OXYGEN 






1 




GASiiiS » 





CARBIDE: 





ANY Cn-3H SAL3S 





j TOTALS: 





TOTAL: 

Sase Day Last '.Teak 





TOTAL: 

Sane Day Last ilonth 




- 


Fig. 5. Pally record of sales by commodities. 

take the prints to the shop foreman or production engineer, and go over 
the drawings completely with him so that the foreman or engineer can 
provide room in the shop and set the delivery date. The drawings are then 
turned over to the head welder or lay-out man in the shop. 

The layout man must have stock to work with. It is his duty to keep 
a record of this stock for re-order when it becomes necessary or when it 
becomes close to being used up, and it is also important that he use the 
steel most economically to prevent excessive waste. He must stock the neces¬ 
sary plate on the basis of the most suitable thicknesses for the class of work 
handled. He should also see that a stock of round bars is carried in various 
sines. The stock should also include standard sine channels, I-beams and 
angles, and the necessary stock of different sine welding rods and electrodes. 

The layout man must have the necessary tools for doing layout work 
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on steel and other metals, must be thoroughly familiar with reading blue- 
prints and the way in which the job is built. A layout man in very many 
cases can see something on the drawing that should be changed to reduce 
the cost of construction and still keep the job as strong as it should be. hie 
should have the information on the drawings as to what the machine or part 
is to be used for so that he may get an idea as to whether the job is primarily 
intended for strength or beauty. 

For example, we will suppose a job was to be used as a machine base 
with most of the base buried in concrete; if the layout man did not know 
that this job was to be used for strength, he would very likely order the 
corners to be ground off to make it beautiful. He must also be familiar with 
machine shop practice so that he will know how much to allow in different 
locations for cleaning up or machining. 

From the layout man, the job goes to the cutters or burners. However, 
the layout man must be in complete charge of the job from beginning to 
end and made responsible for the completed article. After it is tacked to- 
gether it is ready for the actual welding. After the job is completely welded 
it is ready to be machined unless it should be sand-blasted first in which 
event the paint is applied at this point. The product is then ready to send 
over to a machine shop for the final machine work. 

In some instances following the complete welding of a product it is 
placed in an annealing furnace to bring about a more perfect job. In such 
cases, the annealing furnace should be capable of heating the object to at 
least 1200° slowly and uniformly. Several jobs are designed in such a manner 
that warpage takes place to quite an extent while welding and the annealing 
furnace can be used not only to take the strains out but by leveling the 

SALES LEDGER 



Fig. 6. Sales ledger. 
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job up and weighing down, it can be used as a straightener and still leave 
no stresses in the finished product. The smaller job shop will find it more 
profitable to send the product out to be annealed, particularly if the demands 
for this finish in a product is not too great. The larger commercial welder 
or job shops should install annealing furnaces capable of taking care of the 
greatest size job that would in all probability ever be made in the shop. 


KEY TO FLOOR PLAN OF SMALL WELDING SHOP 


(See Fig. 1) 

NOTE: Space on Floor Plan does not permit detailing by name, hence the number¬ 
ing system herewith presented for ready identification: 


1. Arc Welding Booths 

2. 300 Amp Arc Welder 

3. 200 Amp Arc Welder 

4. A.C. Transformer 

5. Welding Tables 

6. Automatic Flash Welder 

7. 3 5 KVA Spot Welder 

8. Surface Grinder 

9. Milling Machine 

10. Power Hack Saw 

11. Belt Grinders 

12. Steel Work Bench with:— 

Grinding Wheel 
Bench Lathe 
Vise 

13. Locker and Wash Room with:— 

Usual Facilities 

Shoprobe (Clothes Storage Unit) 

14. Boiler Room 

15. Stock Room with Parts S 5 Supply Bins 

Apparatus for Resale 
Supplies for Resale 
Apparatus for Consumption 
Supplies for Consumption 

16. Oxygen 6? Acetylene Cylinders 

17. Air Compressor 

18. Tool Cabinet 

19. Quenching Tanks 


20. Welding Foreman's Office, contains: 

Office Equipment with: 

Steel Desk 
Steel File Cabinet 
Suitable Chair 

21. Rest Rooms with Usual Facilities 

22. Plate 6? Bar Storage Room with:— 

Plate Storage Rack 
Bar Rack 

2 3. Assembly Room, contains:— 
Metrl-ographic Equipment 
D;:-> R.oo”i Equipment 
X-Ray Equipment 
Raised Platform with Desk cs? Chair 
Portable Tensile Bend Test. Ma* 
chine 

Hydraulic Tester 

24 Finished Products Storage Space 

Blackboard on Left Wall 
Projection Screen in Front of Rear 
Wall 

Projector in Center of Room or 
from Raised Platform 
Press & Sink in Front of Right 
Wall at Window; also Polish Wheel 
12 Steel Folding Chairs in Front of 
Raised Platform 

Specimen Cabinets & Display Board 
where Space Permits. 

25 Steel Tool Stand 

26 Steel Stools 


Advertising—If one force is sadly lacking in retarding the forward pace 
of job welding in the welding industry today, it may be truthfully stated 
that it is due to the lack of or improper advertising. 

Sales and advertising effort must be correlated in any business if maximum 
effectiveness is to be expected. In only the largest commercial or job welding 
shops are there separate advertising and sales departments. Even then, sales 
and advertising are closely related and associated through the general man- 
agement. In the average job welding shop the individual charged with sales 
is generally also in charge of advertising. 

Outside agencies often handle details of the advertising programs but 
the final approval of the company's advertising effort rests with someone 
in the shop closely related with the sales department. It would be extremely 
difficult to discuss operations of the sales department without simultaneously 
taking into consideration its relation to advertising effort. The theme of 
advertising and the theme of merchandising should be identical at all times. 
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And, just as merchandising should be carried on with consistency, advertising 
effort must be carried on in the same way. 

Important Role—It is agreed that the first rule of advertising is con' 
sistency. A rule of almost equal importance is that advertisements should 
follow a definite theme. 

A theme cannot be developed through occasional advertisements. There 
is no such thing as impression of a theme with a big splash run for a short 
period and then forgotten. A theme must be sold through repetition, with 
a different appeal to get the theme over. As an illustration, a recent series 
of advertisements featuring a nationally advertised bread used the “try it” 
theme. The purpose of the campaign was to get consumers to try the bread. 
Without a great deal of copy but with attractive illustrations, this theme 
was pounded for a solid year. The loaf of bread was displayed in every 
advertisement, but the main illustration had no relation to bread whatsoever. 
For instance, a little girl was shown hanging from her knees on an acrobatic 
bar. The theme was “try it”. The inference might be that the consumer 
was being sold to try hanging from the knees on an acrobatic bar but anyone 
could tell that the idea of the advertisement was to get the idea of the adver¬ 
tisement over to the consumer to try the bread. Consistent use of that theme 
throughout the campaign brought marked results in new customers. 

When an advertising campaign is being planned, money available for 
advertising purposes should be budgeted carefully. The money should not 
be spent in one big splurge. On the other hand, it is unwise to spread it out 
so thinly that it is not effective. The advice of advertising council in the 
allotment of this money is helpful and will avoid waste. 

Advertising Rules—Certain rules apply to advertising that should not 
be overlooked by the job welder if he is to get maximum effect from his 
advertising dollars. 

The rules are: 

1. Select a theme and stick to it throughout the campaign. 

2. Repeat the theme in all copy from as many angles as possible. 

3. Spread the budget on a planned, controlled basis. 

4. Use advertising media known to give the largest possible returns on 
the money. 

5. Unite merchandising and advertising effort behind the theme. 

Related Media—In discussing the fundamentals of good advertising it 

will be necessary to first treat the budget and then to discuss the various 
media which are used by the job shop welder and their relative importance. 

The Budget—Two factors control the amount of money a job shop should 
set up for its advertising expenditures. The first is the need for advertising 
expenditures. The second is the welder’s ability to pay for his needs. These 
two questions must be answered before any intelligent approach to the 
advertising program can be made. The answer to the first must depend upon 
many other factors. Consideration must be given to such problems as: 

1. To what extent does the product have public acceptance? 

2. To what degree has the maximum potential of the market been 
reached? 

3. How competitive is the market? 

4. What is the trend of competitive job welding shops and what is 
the competitive job welder doing to better his position in the market? 

5. Is the job welder convinced that his sales effort is carrying its share 
of the burden? 
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Fig. 7. Daily cash receipts and disbursements. 


It is apparent, of course, that answers to those questions would be en¬ 
tirely different if asked of the manager of a new job welding shop entering 
a market, and then asked of the manager of an established plant with an 
established volume. In either case, however, three points should rule. 

First—the advertising budget should be prepared in advance of the ex¬ 
penditure of any money and its allocation to the seasons of the year should 
be stipulated. 

Second—consistent plugging of the advertising theme should be provided 
for and funds should be available at whatever time they are needed. 

Third—the only sound basis for planning an advertising program is to 
base the programmed expenditure on a combination of previous sales and 
sales potentials* 

The factor of need for advertising, then, is of primary consideration, 
whether the shop be established or new. Naturally, the need will be greater 
for the plant without established consumer demand and public acceptance 
of the product. 

The new shop has a three-fold job. First, its advertising must be designed 
to hold consumers already secured. Secondly, its advertising must be designed 
to win away from other products customers who will increase consumer 
acceptance. Thirdly, its advertising must be designed to create new customers. 

The established shop has only a two-fold job. First, it must hold its 
customers. Second, it must attempt to create new customers. The expendi¬ 
tures required for the established shops, therefore, are smaller than those of 
the new one. In consideration of that question of need for advertising, the 
new shop finds its requirements far greater, though—it is often the case— 
less able to pay for requirements. 

With the new job welding shop and the old alike, the sbe of the market 
has a great bearing on the site of the budget required for advertising. The 
larger the market, the larger the percentage of sales necessary to reach it. 
Diversified population and classes of industries to be approached from dif¬ 
ferent: angles and the necessity for the use of more types of media cause 
this condition. 

Source of Finance—Only two possible sources are available for funds 
required to carry out the advertising program. One of these is the shop’s 
income. The other Is the company’s capitalisation. If the former will supply 
the demand for funds, the latter should not be considered. If it will not, 
the latter must be called upon. The established job welding shop should 
never have to go into its capital for advertising. The new shop should 
expect such a situation. With an established business, a chart of sales ex¬ 
pectations should be prepared and constantly checked. If plans are laid on 
the basis of such a chairt, expectations must be met or the entire advertising 
budget will collapse. 
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In the case of a new job shop it is not advisable to set a percentage 
of sales to be put into advertising. Rather, the owner or manager should 
arrange to take care of obligations, give himself the necessary money to live 
on and put all the rest into advertising. No profits should be taken during 
the period of market entrance. 

Seasonal Advertising—-As long as job welding sales vary with the season, 
a ll advertising authorities suggest that the expenditures from the budget 
shall be made in proportion to the volume of sales. The volume of the 
industry is greatest during the second and third quarters of the year, tapering 
down on the fourth quarter and reaching its bottom in the first quarter of 
the next year. Therefore, advertising appropriations should be set up to 
spend two'tweifths during the first quarter, three'twelfths during the second 
quarter, five twelfths during the fourth quarter and two-twelfths during the 
third quarter. There may be some variations from this in some markets, 
but this division is recommended as a rule in most cases. 

The public forgets. Advertising reminds. Advertising has helped the 
welding industry. It will take advertising to further develop it and adver' 
tising costs money. Money must be budgeted for advertising in any success' 
ful job welding business. 

Advertising Media—The various media to be used by the commercial 
or job welding shop in advertising necessarily must be selected with respect 
to the available money. With a limited advertising budget the job welder 
wants to use only the media that directly produce sales. As the advertiser 
expands his budget he will spread to other media. Rules that apply to job 
welding shops might not apply to any other business, though some related 
concerns will operate under similar rules. 

Superior Media—Advertising that catches the eye of the prospective 
purchaser or user of the service and sells him at the time he is in the market 
is the most desirable form of advertising. For that reason, point-ofi'purchase 
advertising is far superior to any other media available to the job welder. 
Many advertising authorities feel that all other forms of advertising should 
“lead” the prospect to the outlet, and that advertising at the point of 
purchase should clinch the sale. In order of importance, the various media 
are: 

1. Point of purchase. 5. Radio advertising. 

2. Shop and window displays. 6. Newspaper advertising. 

3. Outdoor bulletins. 7. Novelty advertising. 

4. Theatre screen advertising. 

Conditions in various markets may place one medium before another 
in importance, but certainly from point of purchase through outdoor adven 
tising the order of importance will remain constant in any market. If bilb 
board advertising sells the prospect, he will again be reminded of the 
product at the outlet by a window display. All of this is based on theory— 
an accepted theory of advertisers—that the closer the customer is to the 
point where he can exercise his impulse to buy, the greater is the effective' 
ness of advertising. 

A primary rule in the selection of media is this: Exhaust every possibility 
of point'of'purchase advertising before spreading to other media. The cost 
of media must be considered, too. Point'of'saie advertising is less expensive 
than other forms. Outdoor advertising is next, and the cost of other media 
will probably follow in line of importance. Some discussion of each of 
these various types of media would be advisable. In the following pages 
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will be found a synopsis of the points in favor of and against each medium 
previously mentioned. 

Point of Purchase—Point-of-purchase advertising includes printed signs, 
window strips, lithographed cards, and the like, but it extends to counter, 
floor and window displays of the products themselves. So, advertising oppor- 
tunity in the outlets is quite varied. The selection of advertising for specific 
outlets and purposes should be done judiciously. 

The welder wants a picture which will lend tone to his place but he does 
not want one which would be objectionable to any of his customers. Point- 
of-purchase material must be decorative and convincing to sell the consumer. 
Too much copy kills it. The copy used must be clear and used to repeat 
the theme of the rest of the advertising. A slogan or catch phrase is the 
best copy for point-of-purchase advertising. If it is a repetition of the theme 
of the welder’s advertising and if it is perfectly clear in its meaning, it is 
good copy. 

Five good rules apply to point-of-purchase advertising .* 

1. Do not hesitate to consult a specialist in sign-making. 

2. Design signs different from those of the competitor. 

3. Locate signs in the office, show windows and shop so as to please 
the consumer, not the sign painter or welder. 

4. Have a variety of signs to meet the requirement of all work handled. 

5. Make signs to sell and not be purely decorative. 

In this connection it is well to have two general signs prominently 
‘spotted’ outlining the policies of the business and stressing the need of 
continuing to do business with the concern. Two excellent suggestions are 
offered in Fig. 2 and Fig. 3. 

Getting Established As a Dealer for Apparatus and Supplies—The pro¬ 
gressive job welding shop today supplements its earnings and revenue with 
the carrying of a complete well established line of apparatus and supplies 
used in both the gas welding and arc welding field for resale. 

A great majority of manufacturers of equipment today offer restricted 
territories under a signed “Authorised Dealer’s Agreement”. Usually sepa¬ 
rate agreements are drawn and entered into for the distribution of gases 
and electrodes. Electrodes are usually sold on what is termed an “Electrode 
Blanket Order Contract”. There is no standard form of Authorized Dealer’s 
Agreement for the distribution of gases. 

A complete but inexpensive bookkeeping system, with full instructions 
may be obtained from the publishers, Wiison-Jones Company, for use of 
dealers, however, the sheets. Figs. 4, 5, 6, 7, 8 and 9 will provide an inex¬ 
pensive bookkeeping system for the dealers’ needs. The forms are provided 
with their explanatory notes to provide a guide or outline to work from. 

Standard ledger sheets or columnar work sheets—obtainable m any sta¬ 
tionery store—will be suitable, if the columns are “headed” as shown in the 
specimens. Large companies maintain complete accounting systems. Already 
established dealers may not need this “help” but it is felt that the specimen 
sheets will prove of real value (1) in establishing a new dealer, (2) by the 
small dealer with a “hit or miss” set up, or (3) by the itinerant dealer who 
may be a good salesman—but is not such a good business man. 

In the sale of arc welders and torches and regulators it is well to keep 
in mind the proximity or location of the factory to which equipment may 
be returned for repairs or reconditioning. Many a sale is ‘lost’ because of 
the jobber’s inability to secure prompt repairs or replacement of equipment 
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Fig. 8. Accounts receivable. 


due to great distances from the manufacturer of the equipment the jobber 
is distributing. 

Process Applications and Promotions—Herewith are presented some typi¬ 
cal commercial welder or job shop customer operations by industries to 
encourage and stimulate the management of the commercial welder or job 
shop to apply the process of arc welding, from which more work and greater 
profits will result: 

Bakeries: Repair Baskets (wire); Bins, Boxes and Containers (Fab. and Rep.); Bread 
Machine Castings made of Aluminum (Rep.); Conveyor Rings (Rep.); Cake Mixer 
Machines (Rep.); Dough Beaters (Rep.); Dough Mixers (Rep.); Copper or Monel 
Mixing Bowls (Rep.); Pans (Rep.); Racks (Fabricate or Rep.); Slicing Machines 
(Rep.); Storage Tanks (Rep.); Vats (Fab. and Rep.); Wrapping Machines (Rep.). 

Boiler and Tank Shops (see also Power House Section): Boiler Feed Pump Casing 
and Housing (Fab. and Rep.); Boiler Draft Control Casing and Housing (Fab. and 
Rep.); Boiler Tube Cleaners (Rep.); Boiler Water Circulators (Fab. and Rep.); Fur' 
naces (Rep.); Furnace Fire Door and Frame (Rep.); Pipe and Pipe Fittings (Fab. or 
Rep.); Water Tanks (Steel) (Rep.). 

Brick Yards: Auger Machine (Hardface); Bearings (Steel) Hardface and Build Up; 
Brick Car Truck Carriage (Fab. or Rep.); Clay Cutters (Hardface); Clay Feeder Shoes 
(Hardface); Dipper Teeth (Hardface); Discs for Cutting Refractories (Fab.); Jar' 
ring Bars (Hardface); Mixer Blades (Hardface); Mud Screw (Hardface); Plug Mill 
Knives (Hardface); Pulverizers (Hardface); Roll Mill Crusher Plates (Hardface); 
Thrust Collars (Hardface); Trip Dogs (Hardface). 

Chemical Industries: Filter Screens (Fab. and Rep.); Flanges (Fab. and Rep.): 
Guards (Fab. and Rep.); Screen Frames (Fab. and Rep.); Tanks and Vats (Fab. and 
Rep.). 

Coal Dealers: Bins, Boxes and Chutes (Fab. and Rep.); Conveyor Bucket Lips 
(Fab. and Rep.); Heater Tube Pipes (Fab. and Rep.); Hopper Lips (Fab.); Loaders 
(Fab.); Scale Parts—Pivots (Hardface); Truck Braces (Fab. and Rep.); Side and 
End Sheets for Unloading Coal (Fab. and Rep.). 

Contractors: Anchor Buoys (Fab. and Rep.); Dredge Pipe (Rep.); Cable Drills 
(Hardface); Caisson Digger Cutter Beads (Hardface); Crusher Jaws (Hardface); 
Dredge Cutter Knives (Hardface); Dredge Buckets (Hardface); Plate Girders (Fab. 
and Rep.); Latch Bars (Hardface); Pile Driver, Wearing Parts (Hardface); Post 
Hole Diggers (Hardface); Sand Blast Nozzles (Hardface). 

Dairies: Bottling Machine Cams (Hardface); Cheese Hoppers and Buckets (Fab.); 
Conveyor Equipment (Hardface); Cream Separator Spouts (Weld On); Filter Screens 
(Fab. or Rep.); Floor Plates—Steel (Fab. or Rep.); Ladle Pail Hooks (Rep.); Milk 
Dryers (Fab. or Rep.); Sink Frames (Rep.); Stands (Rep.); Tanks, Vats (Fab. or 
Rep.); Truck Trailor Hitches (Hardface); Vacuum Tank, Propeller Blades (Rep.)* 

Electrical Equipment (Manufacturers and Repair): Circuit Breaker Boxes (Fab. or 
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Rep.); Housings (Fab. and Rep.); Shafts—worn (Rep.); Switch Boxes (Fab. and 
Rep.); Tranformer Hangers (Fab. or Rep.). 

Farm Equipment: Binders, Conveyor Pulleys (Fab. and Rep.); Beet Puller Points 
(Hardface); Binders, Cycle Bars (Fab. and Rep.); Cane Shredder Blades and Knives 
(Hardface); Cattle Stanchions (Fab. and Rep.); Cisterns (Fab. and Rep.); Chop Axe 
(Hardface); Corn Planter Shoes and Runners (Hardface); Corn Shredder Tips and 
Knives (Hardface): Corn Stalk Cutter Blades (Hardface); Cultivator Sweeps, Points 
and Spades (Hardface); Cultivator Shovels and Spring Teeth (Hardface); Disc Cub 
tivator Blades (Hardface); Drills—Seed (Hardface); Pulverizer Hammers and Knives 
(Hardface); Food Choppers (Hardface); Furrowing Shovels (Hardface); Hay Fork 
(Hardface); Hay Hammers or Cutters (Hardface); Hay Saws—Circulator—Teeth 
(Hardface): Harrow, Disc Blades, Bar Points (Hardface); Harrow, Gears (Hard¬ 
face); Harrow Shovels and Teeth (Hardface); Headers (Hardface); Horse Shoes 
(Hardface); Leveller Blades (Hardface); Lister Shares (Hardface); Manure Handling 
Equipment (Hardface); Mower and Shoes (Hardface); Mill Hammers (Hardface) 3 
Nozzle Discs—Spraying (Hardface); Planters (Hardface); Plow Points, Shaves. Bar 
Points, Discs (Hardface): Po*t Hole Diggers (Hardface); Potato Diggers (Hard' 
face): Pruning Shear- (Hardface): Rakes, Eccentric, Roller, Trip (Hardface); Rooter 
Teeth (Hardface); Scrappers (Hardface); Scooter Blades (Hardface); Septic and 
Sewer Tanks (Fab. and Rep.); Stands (Fab. and Rep.); Subsoiler Foot Point and 
Teeth (Hardface); Threshing Machine, Concave Teeth (Hardface); Tractors—Cleats 
(Hardface): Treaders (Hardface); Wagons, Clevises, Bar Irons (Fab.); Water 
Troughs (Fab. and Rep.). 

Flour and Feed Mills: Alfalfa Mill Hammers (Hardface); Augers (Hardface): 
Chute Bends (Hardface): Clutch Face (Hardface); Com Knives (Hardface): Fan 
Blades (Hardface): Grinder Screws (Hardface); Grinding Hammers (Hardface); Ham' 
mer Side^ £ Hardface ; Hay Mill Hammer Sides (Hardface); Pulverizer Blades (Hard' 
face); Pulverizer Knives (Hardface). 

Food Canning, Preserving and Packing Plants: Cams and Knockout Fingers (Hard' 
face;: Bone Mill Hammers (Hardface): Chain Links—Conveyor Equipment (Rep.); 
Chutes and Bends (Rep.): Crushing Mill Knives (Hardface); Forming Dies—Can 
(Hardface): Grinders (Hardface); Pipe and Pipe Fittings (Rep.); Sink Frames (Fab 
cr Re?.;. 

Forge Shops: Annealing Boxes—Steel (Fab. and Rep.); Anvils (Hardface); Doors, 
Water Cooled (Fab. and Rep.): Drop Hammer Die Blocks (Rep. Worn); Furnaces, 
Steel (Fab. and Rep.); Wheels—Steel (Rep.). 

Foundry: Annealing Boxes (Fab. and Rep.); Castings—Defective (Reclaim); 
Charging Bex. Car Wheels—Worn (Build Up); Coke Pusher Shoes (Hardface); Con' 
veycr Dor* (Hardface); Core Machine Flights (Hardface); Exhaust Fans (Hardface); 
Ladle-. Rail Hook* CHa-dfaceV. Ladles (Hardface); Mixer Blades (Hardface); Pump 
H:using—band (Hardface : ?.:np blousing (Pump) (Hardface); Sand Core Cutters 
(Hardface’}: Sand Plow- Hardface); Sand Revivifier Paddles (Hardface); Shovel 
Teem cr. Tips (Hardface); Slinger Cups on Tips (Hardface); Vibrator Frames (Hard' 
face). 

Heating, Plumbing, Air Conditioning and Ventilating: Bases (Fab. and Rep.); 
Boilers (Fab. and Rep.): Pans. Bases, Blades (Rep.); Frames and Supports (Fab. and 
Rep.): Heacers and Tunes—Steel (Fab. and Rep.): Pipe and Fittings—Steel (Fab. 
and Rem): Brackets for Pipe and Hangers (Fab. and Rep.); Register Frames (Rep.); 
Screen. Prames (Fan. and Rep.): Stacks (Fab. and Rep.); Stands (Fab. and Rep.); 
Stoker Hoppers—bearing Parts (Hardface); Tanks, ^Oil, Water (Fab. and Rep.). 

_Homes: Amcircr.s. for Fire Places (Fab. and Rep.); Bins, Boxes, Containers (Fab. 
and Rep.): Cabinets (Fab. and Rep.); Clothes Drying Racks (Fab. and Rep.); Fences 
(Fan. arc Rep.): Furniture (Fab. and Rep.); Garden Tools, Mower, Hoe, Spade, 
Raite * Fab. and Rep.); Gates (Fab. and Rep.); Ornamental Iron (Fab. and Rep.); 
^mk Frames ('Fan. and Rep.); Tools and Chests (Fab. and Rep.); Toys, Bicycles, 
etc. (Rep.): Water Pipes, Iron and Steel (Fab. and Rep.); Window Boxes (Fab. and 
Rep.). 

Hospitals. Hotels, Restaurants: Beds. Frame (Fab. and Rep.); Bins, Boxes, Com 
tainers (Fab. and Rep.): Cabinets (Fab. and Rep.); Doors. Fire Door (Fab. and Rep.); 
Hoor Gratings (Fab. and Rep.): Furniture, Metal Tables, Chairs, etc. (Fab. and Rep.); 
Guards and Covers (Fab. and Rep.); Heat Exchanger (Fab. and Rep.); Railings and 
Grilles, Ornamental (Rep.); Sinks and Frames (Fab. and Rep.); Tanks and Vats (Fab. 

* Trucks for Moving Food from Kitchen to Dining Room (Fab. and Rep.); 
Wneel Chairs and Tables (Fab. and Rep.). 
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Laundries and Cleaners: Blowers, Housings (Fab. and Rep.); Boilers (Fab. and 
Rep.); Bins, Boxes, Containers (Fab, and Rep.); Clothes Drying Racks (Fab. and 
Rep.); Clothes Pressing and Ironing Machine (Rep.): Dry Cleaning Machinery—Stain¬ 
less Steel (Rep.); Laundry Machine—Stainless Steel (Rep.); Pipes and Fittings (Fab. 
and Rep.); Tanks and Vats (Fab. and Rep.). 

Machine Shop: Belt Shiiter and Clutch Throwout Finers (Hardrace); Bolt and 
Nut Machine, Guide Rolls (Hardface); Boring Bar, Wearing Strip (Hardface); Cam 
Ejector Pins (Hardface); Cams and Rocker Arms (Hardface); Chain Links and Pins 
(Hardface); Chuck Fingers (Hardface); Clutch Fingers and THnper Taws (Hard¬ 
face); Cranes and Crawlers—Frame (Fab. and Rep.); Cranes hr .d Cr;-.v. Contact 
Shoes (Hardface); Drill Chucks, Worn Holes (Hardface); Grinder_ Rests (Hard¬ 
face); Lathe Centers (Hardface); Lugs, Tool Posts and Blocks (Hardface); Ma¬ 
chinery, Bases, Frames, Guards, Covers (Fab.); Machinery—Wearing Surfaces (Hard¬ 
face). 

Municipal (City) Equipment In Connection With Parks, Streets, Etc.: Ditch Dig¬ 
ger Sprockets and Gears (Hardface); Ditch Digger Teeth (Hardface); Paint Guards 
(Hardrace); Power Mower Shoes (Hardface); Street Scrapers (Hardface): Street 
Sweepers (Hardface); Smoothing Irons (Hardface); Spreaders (Hardface); TrafSc 
Signals—“Stop and Go” (Rep.); Repair Bins, Boxes, Containers (Fab. and Rep.); 
Czlkirg Tools (Hardface); Cinder Loader Blades, worn (Hardface); Sewage Ejectors 
(liarddice): Sewage Impellers (Hardface); Tamping Bars (Fab.); Water Tanks (Fab. 
and Rep.). 

Power Mouses: Ash Conveyor, Drag Line and Link (Hardface); Ash Crusher— 
Knocker (Hardface); Expeller, Multiple Set (Hardface); Ash Hopper (Hardface); 
Cams, Lifter and Valve (Hardface); Cinder Loader, Fan Blades (Hardface): Coal Con¬ 
veyor Buckets (Hardface); Coal Conveyor Bucket Lips (Hardface); Coal Conveyor 
Chain Links (Rep.); Coal Crusher Equipment—Segments (Hardface); Coal Feed 
Dogs (Hardface); Coal Feeder Screws (Hardface); Coal Pulveriser Hammer (Hard¬ 
face); Coal Pulverizer Mill Bull Rings (Hardface); Coal Pulverizing Mill Plows and 
Tips (Hardface); Coal Pulverizing Mill Yokes (Hardface): Drip Valves, Poppet 
Style (Hardface); Fan Housings—Draft (Hardface); Fan Blades (Hardface). 

Refrigeration: Ammonia Accumulators (Fab. or Rep.): Ammonia Cooling Coils— 
Steel (Fab. and Rep.); Condensers (Fab. and Rep.); Containers (Fab. and Rep.); 
Flangers (Fab. and Rep.); Guards, Railings, Covers (Rep.); Ice Conveyor System 
Guides, Rollers, Treads (Rep.); Pipe, Coils and Fittings (Fab. and Rep.); Refriger¬ 
ation Box and Cover (Steel) (Rep.). 

Sand, Stone and Gravel Pits: Cable Drills (Hardface); Chain Links and^ Pins 
(Hardface); Conveyor, Bucket Lips (Hardface); Crusher Jaws, Plates (Hardface); 
Dipper Lips (Hardface); Dipper Teeth (Hardface); Drag Line Buckets, Lips (Hard¬ 
face); Drag Line Buckets, Runners (Hardface); Drag Line Buckets, Teeth (Hardface); 
Gravel Screens (Hardface); Hoppers (Hardface); Hopper Lips (Hardface); Power 
Shovel Teeth (Hardface); Latch Bars (Hardface); Channeling Drills (Hardface); 
Stone Working Tools (Hardface); Stuffing Box Sleeves (Hardface). 

Well Drilling Contractors: Bearings: Arms—Steel (Fab.); Bearings (Rep.); 
Bearing Struts (Rep.); Casings (Fab. and Rep.); Drill Bits (Rep.); Drill Bits—Weld 
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On (Weld.); Gears—Steel (Rep.); Gravel Screens (Rep.); Pump Impeller (Rep.); 
Reservoirs and Tanks (Fab. and Rep.); Rider Blocks (Hardface); Shafts (Worn) 
(Rep.); Structural Parts, Towers, Poles, Platforms, etc. (Fab.); Tractor Grouser and 
Wheel Lugs or Cleats (Fab. and Rep.). 

The Application of Hard-Facing Metals: Reclaiming the Scrap Pile; The Business 
of Keeping Equipment in Running Order; I lard-racing as a Means of Protecting All 
Types of Steel Equipment from Wear; Hard-Facing User Benefits; Types of Steel 
Best Suited ter Hard-racing Applications; Outlining Procedure for S.A.E. Steels; 
Procedure Outlining High Chrome Alloy Steels; Stainless Steels; High Carbon and 
Tool Steels; Manganese Steel: Ca c t Iron; High Speed Steels; Quenching of Deposited 
Metals; Preparation of Base Metal for Hard-facing; Acetylene Application; Electric 
Application; Grinding and Hardness; Newspaper Advertisements in Exploiting Hard- 
Metal and Hard-Facing Metal Shop Facilities. 

Structural Welding (Arc Welding for Building Construction): Advantages; How 
Arc Welding Provides Economy; Other Advantages in Building Construction; Struc¬ 
tural Connections: Fabrication Costs: Versatility and Freedom in Design; Connec¬ 
tions to Existing Steel; Flexibility to Meet Construction Schedules; Painting and Main¬ 
tenance; Inspection Fundamentals of Design for Welded Structures; Listing the Fun¬ 
damentals of Design for Welded Structures. 

The Application of Hard-Facing Metals—This section points out how 
hard-facing metals can be applied to the ordinary equipment found in the 
vicinity of every commercial welder or job shop. It would be impossible 
to go into details of every application, but it is hoped that the explanations 
offered here will enable those who read this work to realise the great im¬ 
portance cf hard-surfacing and the savings it will bring to those who use 
hard metals as well as the profit to the welders who seek out the hard-facing 
jobs and sell hard metal applications to the owners of the equipment. 

Any experienced welder could go into the average scrap pile and find 
dosens cf pieces of equipment that could be saved by building up and made 
better than new by the application of hard metals. Many welders in rural 
districts, finding it difficult to make a living, could increase their revenue 
considerably if they would make a study of hard-facing applications in their 
own vicinity-. It is true that it requires salesmanship to convince the owners 
of the equipment that a relatively- expensive hard metal application would 
prove to be a sound investment in the long run, but it requires salesmanship 
to obtain and hold business in any- line. 

It is not necessary- for a good job welder to move to some other locality 
where business looks better, for if he were to make such a move, he would 
find competition so keen that he might not be able to pay his moving 
expenses. The average welder often spends much of his time seeking new 
locations, or picking up work far bey-ond the limits of his own district or 
market instead of digging into the needs for hard-facing in his own com¬ 
munity-. There are many- plow- shares, scarify-ing teeth, power shovel equip¬ 
ment, end ether implements in his locality, that could be faced profitably, 
both to the owner and to the job welder. 

Tms is true not only- of the welder who is doing job work for others, but 
the welder who is employed by others to do the necessary work to keep cer¬ 
tain equipment in running condition. The wide-awake welder will always be 
seeking out new parts to be repaired as well as new applications for hard 
metals. Such a welder is invaluable to his employers and is always the last 
one to be laid off when hard times come along. 

Hard-facing is the most practical means of protecting all types of steel 
equipment from wear. It consists of welding a hard, wear-resistant alloy to 
the point, surface or edge of any- part which is subjected to abrasion, by either 
the electric or the acety-lene process. A characteristic of many hard-facing 
metals is that they attain their maximum hardness and wear-resistance as de¬ 
posited and require no subsequent heat treatment. 
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Hard-facing benetLts the user in a number of ways. First, it permits the 
use of inexpensive base metals. Second, it prolongs the life of equipment 
many times and saves replacements as well as delays. Third, when applied 
to edged tools it minimises the number of sharpenings necessary, and in many 
cases reduces power costs. 

Hard-facing is not limited in application to any one type of equipment 
nor to any one type of abrasion. Hard-facing metals produce equally good 
results on rotary drilling tools, plow shares, dies, crushing equipment, and 
innumerable other parts subjected to wear. Because there are different types 
of abrasion, however, and because other factors such as heat, corrosion and 
impact are often involved, several types of hard-facing metals are necessary 
in order to obtain maximum service from every application. 

There are certain types of steels ideally suited for hard-facing applica¬ 
tions. These steels are easily welded and require no treatment either before 
or after the hard metal is applied. Many of these steels are well adapted for 
some types of equipment, while they are entirely unsuited for other types 
of equipment. As an illustration, S.A.E. 1045, a type of steel which is ideal 
for hard-surfacing applications, is also well suited for certain types of road 
making tools, agricultural implements, excavating equipment, etc., but it is 
not suitable for making shear blades, certain types of dies and other parts 
which are subjected to severe pressures in use. In such cases, carbon or alloys 
are added to the steel to insure greater stiffness and strength, and quite 
often the parts are heat treated. Certain types of alloy steels, high carbon 
steels, etc. may be successfully hard-faced provided the proper procedure is 
followed. 

1. Carbon Steels. (.0.55): These are the steels which are ideally 
suited for hard-facing applications. The application may be made to such 
steels without treatment either before or after welding. This is applicable 
to either hot or cold rolled steels or steel castings of this carbon range. 

2. S.A.E. Steels: All of these steels may be hard-faced satisfactorily 
provided the operator has a knowledge of the condition of the steel. If it 
is heat treated, the best procedure is to anneal the part prior to hard- 
facing. If it is in annealed or as-rolled condition, hard-facing may be done 
without any particular preparation. In the event that the steel is a high 
carbon alloy, it should be reheated after the hard metal has been deposited 
(to approximately 1600°F.) and allowed to cool normally in the air. 

3. High Chrome Alloy Steels (3-12 percent Cr): These steels can 
be hard-faced successfully, hut require great care in handling as they 
are extremely susceptible to heat in any form. Before hard-facing, proper 
procedure is to preheat the part to approximately 1200°F.—After the appli¬ 
cation has been made, cooling should be retarded. 

4. Stainless Steels: These steels may be hard-faced by either the 
electric or the oxy-acetylene method—the procedure being much the 
same as for steels in the medium carbon range. The exception is that less 
heat is required for hard-facing stainless steels. 

5. High Carbon and Tool Steels: High carbon steels in the past, 
so far as hard-facing is concerned, have given welders much trouble. It 
can now be said, however, that successful applications can be made to 
carbon steels which run as high as 1.10 per cent carbon and 1.25 per cent 
manganese. The success of the hard metal application depends entirely 
upon the treatment given the part after the application. It is, of course, 
necessary to have the part to be hard-faced in an annealed or as-rolled condL 
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tion. After the application, which may be made by either^ the electric or 
the oxy-acetylene method, the part should be reheated (without allowing 
it to cool after welding) to approximately IdOChF. It is^then cooled normally 
in the air. This procedure, while lessening the strength and stiffness of the 
steel, does not leave it in a condition where railure will be caused by break-' 
age. but rather leaves it in a condition where it will have a tendency to bend 
or Hex. This procedure as outlined also applies to tool steels. 

6. Manganese Steel (10 percent-14 percent manganese): Because 
the erain structure of manganese steel is easily disrupted by the application of 
heap it should be hard-surfaced only by exercising extreme ^care and by 
carefully following the suggested procedure. Welding should be done only 
by the electric method. The hard metal should be deposited in small areas 
as far removed from one another as possible until the entire surface has 
been covered. This procedure will prevent concentration of heat upon any 
one part. Manganese steel may be hard-faced with practically any type of 
hard metal, but it is advisable to apply a layer of stainless steel first as a 
binding agent. 

7. Cast Iron: This metal is not suitable for hard-facing. Where 
hard-facing is to be done, it is advisable to make the part of either mild or 
cast steel. 

8. High Speed Steels: The hard-facing of these steels is not gener- 
ally recommended. In cases where it becomes absolutely necessary to surface 
this type of alloy, the best procedure is to have the part in the annealed 
state prior to the application and to reheat and cool it slowly after the 
application is completed. 

V2L&ZST* COSTS 



Operating Factor,Per Cent 

Fig. 10, (left). Chari of welding costs. Fig. 11, (right)- Table of electrode deposition rate. 

Quenching of Deposited Metals: The heat treatment of any hard 
metal is net recommended when that treatment requires the use of a 
quench. Occasionally quenching is considered necessary in order to give 
the part the strength and stiffness it requires in service. That stiffness, 
however, is best acquired by a normal or slightly accelerated air cooling. 

Preparation of Base Metal for Hard-Facing: It is always advisable to 
clean the base metal thoroughly prior to hard-facing either by grinding or 
by buffing to remove all scale or oxides. In cases where the equipment 
is heavy or where a finished surface is desired it is advisable to preheat 
the part to a cherry red prior to hard-facing. 
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Acetylene Application: The composition of many hard-facing metals 
is such that the atmosphere created by a certain amount of acetylene 
in the torch flame will produce a quiet, free flowing alloy. If, however, the 
flame is used on a metal of different analysis it will produce a sluggish alloy 
with a tendency toward boiling while in a molten condition. Each type of 
alloy, therefore, requires a different type of flame in order for it to attain 
the desired physical properties when deposited and in order to facilitate 
the application. 

Electric Application —Many hard-facing metals, either coated or bare, 
with few exceptions, are applied with reversed polarity. The flux 
coating on the hard metals facilitates their application, minimises spatter 
loss, assures good penetration, helps to stabilise the arc and to prevent 
oxidation. These coatings, however, should not be allowed to become damp 
nor should they be exposed to the weather for long periods of time, and it 
is therefore advisable to store them in a cool, dry place. Bare rods for 
electric application are generally used only when it is necessary to apply a 
heavy bead or when it is necessary to weld against a copper form. A. general 
rale to remember in applying any hard-facing metal electrically is to^adjust 
the machine to the highest possible open circuit voltage. On most types of 
work best results will be obtained if the arc length is as long as possible. The 
selection of the rod size depends upon the amperage used, which is in turn 
dependent upon the thickness of the parent metal. 

Grinding: Wherever possible, the grinding of hard-facing metal 

deposits should be avoided, or at least kept to a minimum, as it will be 
remembered that hard-facing metals are designed for resistance to abrasion, 
of which grinding is only another form. For that reason it is to be expected 
that any hard-facing metal will be relatively difficult to grind regardless 
of the type of wheel used. 

Hardness: The property of hardness represents one of the most 
important characteristics of hard-facing metals. It is so important, in fact, 
that the hardness of the metals is checked not one or twice a day, but 
continuously. Obviously, if hardness is so important, then the manner or 
method by which it is determined is of similar importance. 

So many factors enter into the accurate determination of hardness that, at 
best, results are but comparative. When it is considered that the tensile 
strength, the elasticity and the compressibility of a metal all exert an influ¬ 
ence upon its hardness, it becomes increasingly more difficult to determine 
which of all the methods of determination is best suited for any specific 
problem. After careful study and many tests, many manufacturers of hard- 
facing metal deposits and welders have standardised upon the Rockwell 
instrument, C scale for determining hardness. This method of determination 
has proved best, because it has given constantly correct results over a period 
of years. This applies only to hard-facing metals, that is, those metals which 
show readings of from 40 to 70 Rockwell C.—Tests made by other methods 
of determination do not give consistent results, because the accuracy of 
these readings, at least so far as hard-facing metals are concerned, depends 
upon the size and thickness of the deposit as well as the thickness of the 
parent metal. 

Newspaper Advertisements: Following are typical samples of news¬ 
paper writeups and advertisements intended to assist the job welder 
in advertising his hard-metal and hard-facing metal shop facilities. In most 
localities the advertisement headed: “Have your plowshares hard-faced now 
and save $1.00 per set” should be inserted around the first of January. 
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The advertisement headed ‘“Only a few days left to save money'" should 
be used between February 15 and March 15. The remainder of the adver¬ 
tisements may be used either before or during the plowing season. 

Ad No. 1 Headed: “HAVE YOUR PLOW SHARES HARD-FACED NOW 
AND SAVE $1.00 ON EACH SET 1 '. 

Reading: You can avoid possible delay and save money as well by having your 
plow shares processed during the winter season. Bring in your shares any time be¬ 
tween now and March 15. We will process them and allow' you $1.00 off per set. 
Act now. 

Concluding: Job Shop Imprint. 

Ad No. 2 Headed: “ONLY A FEW DAYS LEFT TO SAVE MONEY”. 

Reading: After March 15 we will charge full price for processing plow shares 
so you have only a few days left to take advantage of our special offer. Bring in your 
shares now and save $1.00 per set! 

Concluding: Job Shop Imprint. 

Ad No. 3 Headed: “OUR PROCESS SAVES YOU MONEY ON THESE 
FARM TOOLS”. 

Reading: Our method of hard-facing keeps farm tools sharp—maintains the suc¬ 
tion—and makes them wear three to five times longer than ordinary tools. 

You can save money by having any of the following equipment processed in our 
shop: 

Plow shares, field cultivator shovels, spring teeth, rasp cylinder bars, sub-soilers, 
middle buster shares, drill disks and many others. 

Concluding: Job Shop Imprint. 

Know Your Costs—The writer recently had an experience which bears 
out some of the statements made in previous chapters. While visiting a large 
job welding shop a contractor brought in some power shovel teeth to be 
rebuilt. He asked the shop owner if he was familiar with hard-surfacing 
and rebuilding this type of equipment. The shop o.wner stated that he could 
co tne work and quoted a price which was accepted by the customer. After 
the customer had left the shop the writer asked the shop owner how he 
intended to rebuild these teeth, what hard-surfacing material he intended 
to use and also how he had arrived at the figure which he had quoted. 

Tne answers to ail these questions were somewhat vague and the writer 
therefore proceeded to analyte the job and to suggest the proper procedure. 
Tne shop owner was sure that the teeth were carbon steel but the writer 
very quickly got him out of the notion by trying a magnet on them. The 
reetn. being non-magnetic showed that they were made of manganese, as 
mis is the only non-magnetic metal that the writer knew of which is used 
on this type of equipment, ine writer then tried to ascertain what type of 
cucuet tne teetn were to be used on. The shop owner did not know. When 
what ^type ot material was being handled by the teeth he was again 
forced po admit he dian t know. When the question was asked as to what 
type cr material was to be used for hard-surfacing the writer found that he 
:menced to use a material which, first of all, was not suitable for application 
to nungcunese steel; second, was too brittle for use on a shovel tooth; and 
third, was too high in price. 

By this time the shop owner was beginning to see the light of day- He 
stated that he would ouiit the teeth according to my suggestions if I would 
^on&ent uo talk to the customer over the 'phone and get the necessary 
information. He said he wanted to do the job right even if he lost money 
pn it because the customer was a good one and he wished to retain his 
ousiness. 

During the conversation with the contractor the writer found that 
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SINGLE Y BUTT GR0GYE 


Area - t (w / t tan 1/2 $) 


CE 


—Hvh*- 


Weight of deposition per foot - o.284 x 12t (w ■/ t tan 1/2 
- 5.4t (w / t tan 1/2 

Deposition Hate - (R) Volts Required - (Y) 

Deposition Effioienoy - (E) Amperes Required - (A) 

Stub Effioienoy - (S) Power Cost per g.W.H. -(P) 

Overall Efficiency - (0 5 Electrode Cost per lb*- (Q) 

Operation Factor - (F) Labor Cost per Hour - (L) 

Speed of Welding per foot per hour - 

Weight of Electrodes used per foot - 3.4t (w i t tan 1/2 d 

Note: 0 • (E)(S) ~ -0--* 

Power used 

per foot m __ (R) (F) ___ 

STTt (w/ tan i/2 9 $ > 

1* Labor oost per foot m (L) ^ 1 tan 1/2 sQ 


3.4t 


tan 


S. Power oost per foot » 5.4t (w ^ t tan 1/2 <£) 

iqooIbJJJ) 

3. Electrode oost per foot « (C) 3.4t hr 4 t tan 1/2 Of) 

1 

TOTAL COST (L) 3.4t (wit tan l/2c^) / 3.4t (Wt tan MllIlilliAl 

per foot * mm iooo (r)Tf) . 

i (0) 3*4t hr 4 t tan 1/2 d) 

TOTAL COST 

per FOOT * 3*4t (w ^ t tan 1/2 <f) 


Fig. 12. Illustration of formula in terms of symbols. 

the shovel was the usual type used for general excavating purposes; that 
is, the regular dipper type—not a drag line or clam she-!. The material to 
be excavated was the usual conglomerate encountered in road building 
containing very little rock. With this information the writer felt that he 
was in position to get on to the welding procedure. 

Since the teeth were worn down about one inch, the shop owner built 
them to the necessary length with a coated manganese electrode. Care was 
taken to peen each layer as deposited and worked on the entire set of six 
teeth alternately; that is, first a bead was deposited on one side of each of 
the six teeth and then turned over and the operation repeated on the opposite 
side. This procedure was carried out very carefully in order to dissipate the 
heat as much as possible. Then the end and one inch on each side was 
surfaced with a coated self-hardening rod applied for a distance of one inch 
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back. This was not a very large job and the original figure that the shop 
owner had quoted the customer therefore, covered the job very well as far 
as the materials were concerned. He was considerably out on his labor cost, 
however, but he was frank enough to explain and admit to the writer that 
the lesson he had learned more than covered the loss. 

The writer has always tried to impress upon his customers certain basic 
fundamentals regarding hard-surfacing. First of all, one must know the 
kind of metal which is to be welded. Second, it is important to know what 
kind of use or abuse to which the part is to be subjected. Third, a fair price 
commensurate with welding and material costs must be charged and a charge 
must be added for the experience and knowledge of the shop owner. Fourth, 
quality is never an accident, but is always the result of high intention, sincere 
effort, intelligent direction and skillful execution. 

An Accurate Cost System Is Important to the Job Welding Shop— 
Management today is placing more and more importance on cost control. 
This applies to the oxy-acetylene welding department as well as the arc 
welding department. If you know your true costs, it will help you to translate 
what might be thought of as the “expenses” of the work you do into terms 
of “money savings” for your employers. This will create a greater realisation 
of the importance of your work and get your work for your department in 
“competition” with other tabricating methods. 

Factors Entering Into Costs of Each Job—Basic principles of accounting 
indicate that costs of operating a welding business can best be broken down 
into three main classifications—(A) Labor, (B) Materials and (C) Over¬ 
head. Items (A) and (B) are the direct costs of labor and materials on 
each job. Item (C) is an hourly rate to provide for the general expenses 
of op era tine the business. This must be added to the direct costs of each 
job according to the number of working hours spent on it. 

(A) LABOR—including time of setting up, preparation, preheating, 
gr ir.ding or chipping, and actual time working with the welding or cutting 
torch. Helper's time should also be included. Labor charges should be 
reduced to an hourly rate for each, based on his wages. The number of 

, hours a man spends on a job should be entered on a job record card—along 
I with the rate of his pay. These two figures give one the cost of his work 
on that job, and. by adding the labor costs of all men who worked on the 
job, the total labor cost is arrived at. 

(B) MATERIALS—(Gases) actual cost of oxygen and acetylene, (dis¬ 
solved cr generated) consumed, in welding, cutting or preheating, including 
deliver}* costs. In seme cases a small additional charge per cubic foot is 
necessary to cover possible demurrage charges. If the job is in the production 
or construction of an item, rather than repair, the cost of sheet metal, plate, 
pipe and other such material should be added here. 

Each welding or cutting torch uses a certain volume of gas per hour. 
This volume can be determined or established from the manufacturer or 
from tests of your own. Simply multiply the hours of use by the rate per 
hour of the torch in question and you have the volume of gas consumed 
on that job. In welding, approximately equal volumes of oxygen and 
acetylene will be used, so that, only, needs to be figured. Since the cost, 
that is the unit cost is known for both oxygen and acetylene (which must 
include cost of delivery and demurrage on cylinders, if any), it becomes a 
simple matter to determine the gas costs on any job. 

If the acetylene is produced in a generator, costs per cubic foot can 
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be figured on the basis of a 4^/2 cubic foot of acetylene yield per pound 
of carbide. Some shops figure not only generator maintenance into the 
cost of generated acetylene, but also add in their generator depreciation 
rather than figure it into the overhead. 

(C) OVERHEAD—includes the following: 

1. Rent—heat and office expense and/or building maintenance and real 
estate taxes if these items are available for allocation of costs. 

2. Miscellaneous Shop Expenses—fluxes, charcoal, grinding wheels, carbon 
rods, and, on ordinary repair jobs, pipe and pipe fittings, or steel. On large 
jobs these items sometimes can be measured easily enough to be charged 
directly to the job. However, on run-of-the-shop work it is often impractical 
to try to figure out the cost of such items as one or two welding rods, a 
little charcoal, or a fraction of a grinding wheel, so that all these minor 
expenses can well be lumped together under “Overhead’ 1 . 

3. Insurance—covering the shop and equipment, also Workmen’s Compen¬ 
sation and any other insurance carried. 

4. Taxes—such as social security and other taxes incidental to doing business. 

5. Power—electricity for operating lights, grinding wheels, and other such 
equipment. 

6. Depreciation—a most important item. Each time a job is completed, part 
of the life of the equipment involved has been “used up”. This item should 
include all equipment in the shop which has to be replaced, such as welding 
and cutting torches, tips, regulators, machines, jigs, and other tools and 
fixtures. 

7. Pickup and Delivery Costs—transportation, trucking, specifically charge¬ 
able to department. 

Overhead usually can be handled best by reducing it to a “unit” cost 
per hour. To do this, a careful record of all expenses listed should be kept 
for a test period of any one typical month, or better still, a whole year. This 
total amount thus obtained should be divided by the total working hours 
in the test period (a month or a year) and the result will be the hourly 
overhead factor. This cost factor can then be added to the labor item. For 
each hour of labor charged against a job, the hourly overhead factor should 
be added in also. It is well to check this overhead cost unit regularly, as 
business conditions change. 

If these things are done, a true record of the job cost will result. Operat¬ 
ing under such a system, with a reasonable volume of work, any welding 
department is bound to make money. 



Fig. 13. Efficient set-up. 
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Some jobs require so little time and such a slight consumption of materials 
that a cost record is impossible to keep. Yet the mere taking, handling and 
returning of a job—no matter how small—costs more money in overhead 
than usually should not be overlooked. For this reason, many shops set up 
a minimum charge—the amount depending on local plant conditions. 

References to the job record cards of past work frequently will produce 
cost figures on some similar job which will make cost estimating both easy 
and accurate. 

Large shops sometimes set up a cross-reference card system. They have 
a separate card for each class of work, and as jobs are completed they enter 
the job numbers on the proper cards. In this way they have an accumulating 
record of all jobs done in any one classification, without disturbing the 
numerical order of the job record cards in the main file. 

Some shops make a rough sketch of every job on the back of each job 
record card and add pertinent data, such as the si^e of the article made or 
repaired, the extent of the welding and cutting performed, or any unfor- 
seen difficulties that had to be overcome. Other shops take a snapshot of 
each job and file it with the job record card for future reference. The writer 
has taken snapshots progressively as a large job was being handled. These 
snapshots are then mounted up in a suitable scrapbook and properly cap¬ 
tioned as historical data and also serves to impress a likely prospect on the 
up-to-dateness and progressiveness and interest displayed in large welding 
and/or cutting operations. 

Establishing Costs for Electric Arc Welding—In electric arc welding 
the costs comprise the cost of labor, electrodes and power. 

LABOR-—the cost due to labor depends upon how many pounds of 
effective metal are deposited per hour—or, in other words, how many 
minutes per hour the arc is in operation. This time expressed in percentage 
is known as the operating factor. Obviously, this operating factor is in turn 
affected by positioning devices, jigs, fixtures and other means of maintaining 
actual weld production. 

As an example, assume a labor rate of $1.00 per hour and an arc speed 
of 50 feet oer hour. Arc speed is the actual rate of travel of the arc and 
may be expressed in inches per minute or feet per hour. For different operat¬ 
ing factors the following costs result. This relation is shown in the curve 
cfFig. 10. 


Operating 

Factor 

% 

Production 

Per Hour 
(Ft. per Hour) 

Cost 

Per 

Foot 

20 

10 

$0.10 

40 

20 

0.05 

60 

30 

0.0333 

SO 

40 

0.025 

100 

50 

0.02 


Inspection of the curve in Fig. 10 reveals that the greatest cost reduction 
can be made by maintaining maximum operating factor. 

The weight of deposition per foot is calculated by multiplying the cross- 
section area of la-inches and the weight of steel per cubic inch—0.284 pounds 
—Deposition rate is the amount of electrode deposited in cubic inches per 
minute of arc time. 

Deposition Rate—is determined in the following manner for the particu¬ 
lar electrode to be used. The weight of the electrodes used minus the weight 




of stubs gives the weight of electrodes actually used or consumed. The 
weight of the deposited metal is then subtracted from the weight of elec- 
erodes to give the spatter loss, which consists of flux, core and stub losses. 
It will be noted by observation and record that reverse polarity electrodes 
have greater spatter loss than straight polarity electrodes. Thus, the per¬ 
centage of spatter loss is then determined. The rate of deposition per second 
will be the weight of metal deposited divided by the total welding time in 
seconds. Then the rate of deposition per second could be converted to the 
rate per hour by multiplying the results by 3,600. 

Fig. 11 offers a table which has been compiled for the rate cf deposition 
in pounds per hour of different grades and sizes of electrodes, organic and 
mineral, identified by A.S.T.M. and A.W.S. specifications. In Class I (the 
alhposition electrodes) the rate of deposition in flat, vertical, horizontal and 
overhead positions will be approximately equal; the flat welding positions 
maintaining the slightly higher deposits, due to less spatter losses. Class II 
electrodes are used in only flat, downhand, and horizontal fillets. 

Deposition Efficiency—Finally, the deposition efficiency is found by the 
ratio of the deposited weight of metal to the weight of electrodes consumed. 
The minimum average deposition efficiencies of electrodes, sizes Vs'inch to 
% 6 'inch, is 55 to 65 per cent, identified by the foregoing specifications. If a 
closer check on cost is desired, tests may be made with the electrode specified 
for a particular job to obtain the ratio of the deposited weight to the weight 
of the electrodes consumed. The difference will be very small and, therefore, 
have little effect on the total cost. Another way of securing the deposition 
efficiency is by subtracting the percentage of spatter loss from 100 per cent. 

From the following data on deposition rate, the stub efficiency is ascer¬ 
tained. The stub shall be 2-inches average length from every 14- and 18-inch 
electrode. The stub efficiency factor shall be 85.7 and 88.9 percent, 
respectively. Then the over-all efficiency is found by multiplying the deposi¬ 
tion efficiency by the stub efficiency. 

Operation Factor—-The operation factor affects the speed of welding, 
labor cost and power cost. The operation factor is the ratio of actual arc 
time to the total pay time. The operation factor has a wide range, from 
25 to 35 per cent or greater, depending upon the design of structure and 
working conditions. In production welding, this factor is probably considered 
higher. In determining labor cost one must consider every person involved 
in the completion of the welded joint—the welder, his helper, foreman, 
engineer—and the job welder’s general overhead cost. All these items will 
tend to bring the labor cost per hour very high. The speed of welding will 
vary according to the size of electrode and the position of welding. 

Power Cost—Usually the speed of welding will be greater in shop weld¬ 
ing than in field welding due to the fact that shop welding is generally 
performed downhand or in the fiat position, while field welding may combine 
flat, vertical and overhead positions. Also the size of electrode used in the 
field is generally smaller because it is easier to handle. Therefore, the cost 
of shop welding will be less than field welding. Regarding power cost, it 
is known that welding motor-generators are more stable than the gas 
engine generator sets. The former is used mostly in shop welding while the 
latter is used in field welding. 

The cost of power per kilowatt hour (P) multiplied by the weight of 
deposition per foot, times (V) volts, times amperes (A), and then divided 
by the deposition rate (R) 1000 and the operation factor (F) will determine 



the total cost of power per foot of weld, simplified by the following formula: 
Power Cost Per Foot— 

(P) x (V) X (A) (weight of deposition per ft.) 

(R) 1000 (F) 

= the total cost of power per foot of weld. 

One must consider the consumed power while the electrode is not in opera¬ 
tion in order to turn over the generator in an idling stage. This consumption 
of power varies from 14 to % of the actual arc power used. In transformer 
equipment this condition does not exist. 

The cost of electrodes per foot is determined by the weight of deposited 
metal per foot multiplied by the cost of electrodes per pound divided by 
the over-all efficiency. This cost of electrodes will vary with every job, 
usually depending on the s ice of the electrode to be used and the position 
of welding. 

Summary—Combining the factors just discussed, the job welder can now 
develop a common cost formula for the individual groove in any welding 
position. The thickness of plate and the opening of the groove may vary, 
but this variation does not effect either the cross-section area or the total 
cost formulas. The values have only to be substituted into the common 
equations. In Fig. 12 the formulas are illustrated in terms of symbols. Thus, 
the cross-section area, of the weight deposited per foot and the total cost 
per foot, may be determined. 

Estimating Welding Designs for Arc Welding—Risking repetition the 
writer is offering a few straightforward suggestions in estimating any welding 
design. The following factors have to be considered: volume of welding, 
deposition rate, deposition efficiency, stub efficiency, over-all efficiency, cost 
of "power per kilowatt hour, electrode cost per foot, labor cost per foot, volts 
and amperes, and operation factor. Summarising these, there are just three 
main factors, namely, labor cost per foot, power cost per foot, and electrode 
cost per foot, which will be combined in one common formula. 

Estimators and draftsmen in industrial plants, shipbuilding, etc. should 
develop a greater knowledge of welding cost in order to have a more accurate 
cost figure when submitting bids for a particular job; the reason for this wall 
become more obvious as competition increases. 

In standard type grooves, the use of standard formulas is established 
for the cross-section area of the welded groove. The opening of groove and 
the thickness of any plate now may be applied to these formulas to determine 
the cross-section are?, of weld metal for a given groove. The reinforcement 
of the weld and the penetration in the backing strip and sidewalls of the 
groove must be given seme consideration in respect to the volume of deposit 
of weld metal. 

A dedniie welding procedure should be set up or established for a par¬ 
ticular job. Then the following factors have to be considered in order to 
compute a more accurate total cost of weld metal per foot. 

Jigs and Fixtures—One method of keeping the operating factor high is 
by use of the proper jigs and fixtures, and by proper set up. As an example 
of this, assume it takes a welder two minutes to weld a job and two minutes 
or slightly less, to set it up. That is a total of four minutes per part, or a 
total production rate of fifteen per hour. The use of jigs and fixtures is 
illustrated by providing a helper and another jig. The helper then can set 
up while the welder is welding and the production is increased to thirty 



units per hour, reducing the costs materially. A production of fifteen parts 
per hour requires a jig, a welding machine and a welder, whereas thirty 
per hour requires two jigs, a welding machine, one helper and a welder. 
Cost reduction is obvious because the second fifteen parts are produced at 
the cost of one jig and one helper, (See Fig. 13). 

Another factor affecting the operating factor is the matter of working 
position. The work should be positioned so that it is easy and convenient 
for the welder to weld. . For example, suppose the operator can always weld 
in the down-hand position. The speed will then be, say, 26 feet per hour. 
If, however, it is necessary to weld it in the fillet position, the speed may be 
only 11 feet per hour, (actual arc speeds). 

Reduction of labor cost can be accomplished by obtaining a high operat¬ 
ing factor and by the use of proper jigs and fixtures, obtaining proper 
positioning so as to make it possible to obtain high speeds. These factors 
are particularly controllable in welded fabrication. 

Keeping Cost or Cost Records—It is one thing to “know your costs " 
but it will avail itself of no use if proper records are not maintained. Whereas 
general accounting shows merely the total profit or loss of the business as 
a whole, cost accounting discloses the profit or loss on each unit, whether 
job, special order, product, class of product, operation or process. It is this 
accounting for units that distinguishes cost from general accounting. 

Before costs can be properly recorded and intelligently controlled, the 
right basis of costs must be established. More cost systems fail because 
wrong bases of cost have been established than for any other reason, because 
they lead to incorrect costs. 


PURGHASK RBQUISTION 


KUKBXR 


DATE 


To the Purchasing Agent: The following material 
is required: 

NOTE: Each requisition should contain materials 
which are likely to corns from one source only. 


QUANTITY] 


DESCRIPTION 


TO USED FOR: 


JOB NO. 


When Needed: 


To be Delivered at: 


Foreman's Approval: 


Fig. 14. Purchase requisition. 

PURCHASING AND RECEIVING 

Purchasing-—-Not enough attention is usually paid this important phase 
of a job welding business. Many concerns place their orders for material 
verbally and fail to confirm in writing, others fail to institute a proper and 
complete purchase order system. In order to assure that a proper and com¬ 
plete record is made of every transaction effecting purchases it is necessary 
that the following forms be used in accounting (covering purchases and 
receipts), all of which are adaptable to the commercial welder or job shop; 
in accounting for materials in cost records. 
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1. Request for purchases (purchase requisition) Fig. 14. 

2. Purchase order (on the vendor) Fig. 15. 

3. Record of receipt of material (receipt voucher). 

4. Purchase record (or register used as a history of the past and acts 

as a guide in current buying). 

The “purchase requisition,” or “field requisition,” as it is often termed, 
originates with the welding foreman. It is usually prepared in duplicate, 
original to the office manager or other employee designated to do the buying 
and the duplicate remains in possession of the foreman as a checkup or 
followup on purchasing. This form, (See Fig. 14), is believed to be self- 
explanatory.—The “purchase order” should be prepared from the “pur¬ 
chase requisition” in five copies, the original is mailed to the vendor, the 
duplicate is retained by the purchasing agent, the triplicate is passed along 


FOHCEA.SE ORDER 
YOUR WXLD2KG COMPANY 


NO. 2 8 5 


DATE:_ 

PRICES P.O.B._ TERJS_ _APP * D_ 

S CONSIGN 

D] „7IA_ JTO TJS AT_ 


KINDLY ENTER CUR ORDER for the items described below, 
at -prices noted, per instruct 3ona hereinabove set forth : 


aC-CT. 

No. 

V*' 

« 

m-.\ 

| DESCRIPTION 

T3ETT 

FRICE 

AMOUNT 

No 

be; T 

i 

As vsrrj 

I 

ting space to be 

inc he s 

In depth 

it! “1 

1 



Kindly acknowledge receipt hereof, conf Irnir.s DELIVERY 
LATE, prices, terms and conditions hereof. 


YOUR WELDING COMPANY 

3 7 _ 

Purchasing Agent 


Fig. 15. Purchase order. 

to tne accounting section tor later matching up with approved invoices 
eerore placing invoices in line tor payment, the quadruplicate copy is given 
to tne storekeeper in order that he may be acquainted in advance of the 
material ordered and to provide checking facilities and the quintuplicate 
copy is given to the welding ioreman or person originating the “request for 
r:-j.icmsz ’ in order that he may have definite knowledge that the material 
nas eecn ordered ^and the source of supply. This form, (See Fig. 15), is also 
oeueved to be self explanatory. 

Tne erne! record ^used in the receiving or stock room is the “receipt 
vouener which should De issued in duplicate—one copy sent to the office 
and the copy retained m the stock room where it is filed after posting the 
receiving information to the stock ledger record. 

\fercn an dice sold iron stock should be listed on a “sales ticket” in trip lb 
cate, the original delivered to the customer, the duplicate turned into the 
office for entry in tne journal as detailed under “office management”. The 
triplicate is retained in the stock room where it is filed after posting the 
shipping or delivery information to the stock ledger card. 
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Where much^ of the work is handled by more than one man, it is well 
to originate an order for work , (See Fig. 16). On this form which is 
issued in duplicate is inserted the shop order number. The “order for work ' 
is issued to the welder by name and it is dated. A description of the work 
to be handled is incorporated in the body. It is usually prepared on a register, 
however it may be padded, and the order for work is signed by the welding 
foreman. The original is given to the welder and the copy remains in the 
register to be used at a later date for statistical information and record keep¬ 
ing insofar as maintaining cost data is concerned on individual jobs. 

The materials used, description or work, traveling time and other expense 
is noted on the “shop order", (See Fig 17), and on the reverse side Vindi¬ 
cated the time report of each welder having anything to do with the particu¬ 
lar job, (See Fig. IS). This time is then summarized and a recap is offered 
directly below on Fig. 18 to include total shop time, travel time, expense, 
material, and total amount to be billed. 

The “order for work” (original copy) is then filed by Job No. and 
destroyed after one year. The customer's invoice is constructed from the 
“shop order" and posted directly to the “accounts receivable ledger". The 
“shop order" is filed by customer name and retained along with the invoice 
(posting copy). However, if so desired and as a cross-reference, the invoices 
may be filed separately by invoice number in numerical order and the shop 
orders may be filed by customers’ names in a separate shop order binder by 
months. 

Accounting for Labor—Accounting for labor in the shop, payroll, office 
and in connection with overhead charges or costs, should have the following 
objectives: 

1. To determine wages due each worker in order that payrolls can be 
prepared, and so that no worker will be paid more than he has earned. 

(Refer section captioned “Office Management, Compensation Rec¬ 
ords") 

2. To determine labor costs by units, operations, etc. so that proper direct- 
labor costs can be entered on cost sheets. 

3. To obtain data for calculating overhead expenses. 

4. To procure information for proper control of labor costs. 

The “time card" is the essential form used to reach the foregoing objec¬ 
tives. Time cards vary according to the kind of labor information desired 
and the wage system in use, particularly the latter. There are two chief 
kinds of time cards—one for direct or productive work and another for 
indirect or non-productive work. The first indicates the labor chargeable to 
a production order or job ticket, the second the labor that is chargeable to 
a standing order. It is recommended that the stock room clerk or welding 
foreman in a small job shop prepare the time cards of the welders. It is 
further recommended that one time card be prepared daily. All time cards 
should be forwarded to the office and there used in drawing up payrolls. 

Fig. 19 illustrates what is generally called a circular percentage chart, 
showing profit and loss statement in percentage of net sales in graphic or 
chart form. The smaller circles at the lower left- and right-hand corners 
shows the “break-down" of the analysis of miscellaneous expense and the 
analysis of occupancy expense, respectively. 

Fig. 20 illustrates what is generally called a circular percentage chart, 
showing the expense dollar of a welding concern for the year 1941, indicat¬ 
ing the percentage of each dollar expended in the operation of the business 
to the total. 
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The items of labor and proportioned charges representing 32.5% and 
20% of the total expense respectively, have been broken down by divisions 
to make up the total percentage. 

Manv other phases of a commercial welder of job shop business may be 
illustrated with the use of circular percentage charts to advantage. Com.' 
parisons with previous years may be indicated through the use of dotted 
or broken lines following the division of the caption listed and in this 
manner it will be readily noted as to what particular expense items indicates 
an increase or decrease in the current years as compared with the previous 
year. 

Office Management—Every phase of the business heads up in the office, 
so it is to the responsibilities of office management that this section is 
devoted. Included is a simple yet complete system of bookkeeping. 

Management is the brains of business. Office records are the nerve 
center. Wherever and however management succeeds or falters or fails, the 
facts will show up in the records. If the accounting and sales control 
systems are thorough, the circumstances around those facts will likewise be 
registered. The more compact, complete, and revealing are these records, the 
stronger will be management's control over the business. A simple, all- 
inclusive system will aid the executive in coordinating the functions of the 
various departments, from office to mechanical maintenance, making for 
efficiency and economy in the conduct of the job welding shop business. 

An inadequate system of accounting and sales control will be readily 
reflected on the profit side of the ledger, in management discord and in a 
continually wavering sales volume. All of this comes under the heading of 
Once Management, for every detail of the business heads up in the office. 
System cr non-system flews from office management. 


TOUR YIELDING COMPANY 
ORDER JFOHWOK 

SHOP ORDER NO* DATE 

TO: 

Description of work to be Doner 


Foreman 


Fig. 18. Order for work. 
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So it is the purpose of this section to place at the finger tips of manage¬ 
ment a simple yet thorough system of accounting and sales control. The 
accounting system will be illustrated where practical. In addition, another 
form for keeping payroll records, with provisions for wages and hours, is 
illustrated and described. The system as described will enable management 
to locate at a glance his weak spots and get in behind them promptly. This 
system, if followed through, will enable follow-through to be launched many 
weeks in advance of the time permitted by cumbersome systems of control. 
In addition, this section places in the hand of Office Management certain 
facts and information of value as reference material. This includes a contract 
form for employees, which is based wholly on legal application. This form 
will be found practical in many shops. Then, too, the application of the 
federal wage and hour law to the job welder, is enumerated for ready 
reference so that it is of invaluable assistance to management. Constant 
reference to this information will lift some of the load off management. 
Practical application of certain data will not only enable office management 
to save a lot of headaches, but will promote efficiency and economy. If the 
business now employs an obsolete or inadequate system of accounting, a 
study of the accounting method in this section might be precisely what 
is needed. 

Discussion of the Balance Sheet—In years gone by the problems of 
accountancy were very simple compared with the problems of today. There 
were no large manufacturing establishments where the accounting procedure 
called for depreciation on a vast number of different types of assets, or 
where the production process involved long periods of time and expenses 
had to be cut off at a fixed date and where assets were spread over large 
areas. Business was largely private: the business unit was the proprietorship 
or the firm. 

Evolution of Accounting Principles—The first accounting firm was 
organised in the United States in 18S3 and accountancy was concerned 
more particularly "with straightening out mixed-up books”. Not until the 
turn of the century did the field of accountancy gradually become more and 
more concerned with adequate, reliable records. In this process, standards 
gradually became more and more desirable. The same accounting problem 
often would be handled in a different manner by different accountants, a 
policy which w r as and still is not particularly helpful to investors, creditors, or 
business analysts. Accountancy is still going through the stage of arriving 
at a uniformity or standardisation. One accounting firm will charge a write¬ 
down in inventories to surplus, and another will make the charge to net 
earnings. One accounting firm will set up the cash surrender value of life 
insurance asset in the balance sheet and another wdll set it up as a deferred 
asset. One accounting firm will set up the current yearly installment of a 
funded debt as a current liability, and another will allow it to remain as a 
deferred liability in the balance sheet. 

Accountancy, like the medical profession, depends upon individuality. 
As we have all experienced one doctor will prescribe one method for a cure, 
while another may have an entirely different approach for the same illness. 
Many accountants now distinctly advocate the belief that a balance sheet 
should well nigh speak for itself. The balance sheet should be presented 
in such a form that it can satisfactorily stand by itself without detailed 
reference to an accompanying report. Therefore, balance sheets should be 
more informative than the average present condensed form. An effort 
should be made on working toward a fully descriptive balance sheet for 



582 


STUDIES IN ARC WELDING 


1 YOUR VT 2 L 

Ordered 3v DAYS 

DING CO 

SHOP ORDER 

NO. 

FOR 

Received By Promised 


Approved By Date Billed 


. No.Tickets 

Contract This Order 

Terns Ship via 



MATERIALS USED 

DESCRIPTION OF WORK 










■ 

■ 














Traveling & Other 3xp 

jfli 


Delivered to: 

TOTAL: 

■ 

■ 


8 ---1 


Fig. 17. Shop order. 


all business including the commercial welder or job shop. However, each 
type of business necessarily has different needs from the standpoint of pre* 
senting its financial condition and in many cases the same type of business, 
because of size, has different problems. While it is not possible to get abso' 
lute uniformity in statements for each division of trade, there should not 
be such a wide variation in the Job Welding Shop, so as to preclude or 
make impossible uniformity in the preparation of balance sheets. 

All balance sheets should be set up so that the computation of such 
items as current assets, current liabilities, fixed assets, inventories, would 
be uniform. In the same way profit and loss statements, and surplus accounts, 
should be so set up that the computation of net profits in all cases w r ould 
be on the same basis. 

What Books to Keep and Why—It is the writer’s purpose to design the 
particular form and arrangements to make the bookkeeping system fit the 
needs cf a commercial welder or job shop. 

Books of Original Entry—Every financial transaction can be recorded 
in the form of a journal entry. Transactions occur on either a cash or a 
credit basis. According to this twofold classification the journal is sub' 
divided into two parts, one employed to record cash transactions and the 
other to receive all other transactions. On the basis of this classification it is 
customary to subdivide the original journal into two separate books, one 
the “general journal ", in which all entries except cash are made, and another 
known as the “cash journal 11 , in which cash transactions only are entered. 
The two journals required to record cash receipts and disbursements, re' 
spectively, are usually combined in one book, known as the “cash book'”, 
the pages for each alternating throughout the book. Cash receipts are 
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entered on the left-hand page and cash payments on the right-hand page. 

Functions of the Cash Book—The cash book takes the place of a detailed 
cash account in the general ledger, only the total receipts and payments 
being posted periodically to the cash account in the general ledger. 

The Ledger—-The ledger is a record in which accounts are kept. There 
are two general classes of accounts—real and nominal. “Real accounts” 
record assets, liabilities, and “nominal accounts” record gains, expenses, 
losses. The account is designed to bring together all items relating to that 
account, and represents a summarisation of this data. Items on one side 
of the account represent additions. Those on the other side represent sub¬ 
tractions. The difference between the two sides of the account is the balance. 
If the excess is on the left-hand side of the account, it is a debit balance; if 
on the right-hand side, it is a credit balance. The ledger accounts taken 
together form an equation similar to that represented by the balance sheet 
or financial statement. 

Subdivision of Ledgers—A single general ledger suffices only in the case 
of a small commercial welder or job shop. It soon becomes necessary to 
segregate certain classes of accounts in subordinate ledgers; the accounts thus 
treated first are in most instances those with customers “accounts receivable 
ledgers” and with creditors, “accounts payable ledgers”. All other classes of 
accounts are set up in what is known as the “general ledger”. As to rulings, 
ledgers are standard, and balance. “Standard ruling” has two duplicate 
parts, debit and credit, division line usually being in the center of the page. 
“Balance ruling” is a three and four column ledger with money columns 
either at center or at the right-hand margin, or at both center and right-hand 
margin. Extra columns are for account balances. If balance is usually either 
a debit or a credit only one balance column is necessary; but if the balance 
is apt to change from a debit to a credit, or vice versa, both debit balance 
and credit balance column should be provided. This form of ruling is par¬ 
ticularly useful for personal accounts which require that the balance be 
kept uptodate. 

As to “bindings”, ledgers are solid-bound, loose-leaf and card. Loose- 
leaf and card ledgers possess greater flexibility than do bound books. They 
may be arranged according to any desired grouping and all dead material 
is easily discarded or filed away in reserve binders. Removal of leaves or 
cards makes it possible to subdivide clerical work. 

Closing the Books—To balance the accounts is really a very simple 
matter—it consists merely of footing the debits and credits, finding the 
amount by which the one side is larger than the other, adding this amount 
to the smaller side “to balance”, and bringing the same amount down on 
the other side to serve as the new starting point, or balance. 

The accounts are now listed as they appear on the ledger, showing the 
debit balances in one column and the credit balances in another. Such a list 
or statement of ledger accounts is technically known as a “trial balance”. 
The totals of the debit balances must always be equal to the totals of the 
credit balances. 

Financial Statements—The ultimate objectives of all accounting are the 
monthly financial reports. Too many reports merely show conditions as 
of a certain date or what was accomplished for a given period. They do not 
show what has been done progressively—they do not show the trend. The 
financial report illustrated in this section indicates the “results” for the cur" 
rent month and the “year to date”. This indication of trend makes possible 
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for management to plan for the future. This is most important to Job 
Welders because of the seasonal nature of the business in some localities. 
The reports consist of; 

1. The Balance Sheet (in two sections) : 

a. Statement of Assets 

b. Statement of Liabilities 

2. The Profit and Loss Statement (in three sections) : 

a. Summary Profit and Loss Statement 

b. Manufacturing Statement (where fabrication or manufacturing of 
parts is specialized in—in the Job Welding Shop) 

c. Expense Schedule. 

Figs. 21 and 22 illustrate the statement of assets and the statement of 
liabilities. They are arranged to show, in addition to account balances, any 
increases or decreases from the previous month. 

The “summary profit and loss statement'”, (See Fig. 23), is arranged to 
show gross profit on: 

a. Apparatus and Supplies Sales 

b. Job Shop Work (Repair Jobs) 

c. Electric Arc Welder and Other Equipment (Rentals) 
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Fig. 18. Time report. 
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The figures for (b) and (c) are, of course, taken direct from tbte general 
ledger. Tbe cost of^ apparatus and supplies sales is taken from the ‘"’manu¬ 
facturing statement , (See Fig. 24), net operating profit is obtained by 
deducting delivery, selling, and administrative expenses from total gross 
profit. These expenses are detailed on the “expense schedule”, (See Fig. 25). 

The summary profit and loss statement”, the “manufacturing state¬ 
ment”, and the “expense schedule” are arranged with columns to show both 
current-month and year-to-date figures, and the percentage in both cases. 

Compensation Records—Social security and wage-hour legislation re¬ 
quires that a record be maintained for each employee in addition to a record 
of all wages paid and the deductions for federal old-age annuities. Fig. 26 
is a convenient form for compensation records. Inasmuch as it is a requisite, 
also, that each employee be supplied with a statement of his earnings and 
payroll deductions, either annually, semi-annually, or at the end of each 
pay period, a small form of earnings statement headed “pay-roll remittance 
voucher” is illustrated in Fig. 27. Both Figs. 26 and 27 include full details 
about the employee and are easily exhibited for inspection when government 
representatives make scheduled or pop calls. It is also readily accessible to 
the management and provides prompt information on an employee. 

Through following the preceding discussion and illustrations carefully 
one finds himself in possession of the principles of bookkeeping as may be 
successfully applied to all commercial welder or job shops. A good rule to 
observe is “never to make the business fit into a particular bookkeeping 
system”. 

Buying for the Office—In general “Don’t use the same expensive pur¬ 
chase routines that are required for raw materials, equipment, etc., when 
buying office supplies, janitor supplies, and other miscellaneous classifications”. 

It is the job of the local stationery-man to assist with materials and 
methods in order that the Office Management may operate more efficiently. 

It has been said that a business without its papers has lost its memory. 
Such a viewpoint places proper emphasis upon the value of the service 
rendered by files. But, much depends upon the “system” used. And equally 
important to earnings, are the supplies that comprise the “system”. 

Inadequate indexing, bedraggled guides and folders, cause far more filing 
errors than unintelligent handling on the part of a file clerk. It follows that 
if a business suffers from misfiling, from actual loss of papers or documents, 
the remedy probably lies in improvement of the tools needed. One cannot 
expect first-class filing service from second-class filing equipment. Files can 
pay excellent dividends in convenience. Executives and clerks who are 
served by files, soon react to the results they deliver. Prompt, complete 
reception of needed material tends to prompt completion of every task 
assigned. Delays provide ready excuses for slowed-up work. It pays for 
the commercial welder or job shop to investigate filing conditions thoroughly. 

Stationery Requirements for the New Year—The following list should 
be checked carefully for the routine things that are usually required at the 
beginning of the year—1. Accounting Forms, 2. Calendars, 3. Daters, 4. 
Diaries, 5, Filing Supplies, 6. Inventory Supplies, 7. Transfer Cases. 

Credits and Collections —Productive results in the credit and collection 
end of business may largely be attributed to an efficient credit executive, 
whether it be the manager or his designated credit man in the job welding 
shop business. 

In the earlier period of our economic history, the purely industrial ele- 
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merits of our economic life were concerned chiefly with the provision of 
food, clothing and shelter. Business organizations were small then; invest¬ 
ments of capital were not great and the supervision of business operations 
was not difficult. Then, credit granting was largely a matter of personal 
relationship and credit learning was limited to every man s common sense, 
improved by easy experience. _ 

But times have changed. Great and rapid changes in world affairs have 
much to do with the possibilities of business success or business failure. All 
of this has considerably reduced tne margin between unsuccessful and 
successful business operation and to the extent that this margin has been 
reduced there has been a corresponding increase in the responsibilities of 
the credit executive. In the present disturbed state of industrial management 
a credit executive must possess a host of knowledge. 

First among them may be named—correctness and precision in the use 
of English. This may sound rather elementary but it is not. The credit man 
who keeps himself informed on good usage and taste in English benefits 
the business he represents and the credit profession. He who is efficient in 
credit management must possess the quality of being able to speak and write 
interestingly, convincingly and briefly. His letters must be direct, discreet, 
winning and ordinary conversation with customers and business associates 
must hold attention and gain information. 

Secondly, an efficient credit man must have good manners which are the 
expression of fixed habits of thought and action. Credit departments of any 
business managed by roaring Simon Legree's have wrought appreciable 
financial injury to the firm they represent. Goodwill values accumulate with 
the years and the customer never forgets. And competition is so keen 
today and merchandise is so standardized and there are so many places 
where one's wants can be supplied, that the success or failure of a business 
may rest largely upon a single factor of employee-courtesy. 

As a third evidence cf efficiency is named the power and habit of reflec¬ 
tion. Training and cultivating the mind through the powder of habit and 
reflection will produce ideas of real value to the credit man in his daily 
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—Bienziss 

OR DECREASE 


STATELiENT OF ASS STS 
ACCOUNTS 


DETAIL | TOTAL 


CURRENT ASSETS 
Cash and Bank 
101 - Office Fund 
105 - Bank 

Total Cash and Bank 
Aocounts & Notea Receivable 
111 - Accounts Raoeivabl© 

115 - Notes Receivable 

116 - Contracts Receivable 
Total 

118 - Less Reserve Bad Debts 
Net Accts.& Notes Reo. 
Inventories 

121 - Apparatus 

122 - Supplies 

123 - Arc Welding Machines 

124 - General Supplies 

125 - Finished Stock 
Total Inventories 
Total Current Assets 

FIXED ASSETS 

151 - Land 

152 - Euildinge 

152R- Laaa Res.for Deprec. 
Not Buildings 

153 - Office Furn.& Fixtures 
153R- Leas Res.for Deprec. 

Net Off.Furn.at Fix. 

154 - Machinery & Equipment 
X54R- Less Res.for Deprec. 

Net Maohy.A Equips®at 
156 - Delivery Equipment 
156R- Less Res.fear Deprec. 

Net Delivery Bquipt. 
Total Fixed Assets 
Deferred Charges 

171 - Unaxpired insurance 

172 - Prepaid Advertising 

175 - prepaid Tire Expense 

176 - prepaid Truck Repairs 

177 - Prepaid Taxes 

179 - Other Prepaid Expense 
Total Deferred Charges 


000.00 

000.00 

000.00 

000.00 

000.00 

Q Q Q .a.Q.0 

000.00 

000.00 

000.00 

000.00 

000.00 

000.00 

000.00 

OQQ.QQ- 

-SO&uQ-a- 

000.00 

000.00 

. 000.00 
■ OS&tSg 

000.00 

000.00 

000.00 

000.00 

000.00 

000.00 

000.00 

000.CO 
.QQQmQQ. 


000.00 

000.00 
000.00 
000.00 
000.CO 
000.00 
QOQ.QO 
000.00 


TOTAL ASSETS 000.00 

Month and Year 


Fig. 21. Statement of assets. 

work. He may not always be able to determine the absolute truth, but a xew 
minutes spent thinking about a matter may bring surprising results. Serious 
mistakes may be avoided, new ways of working to better advantage may be 
gained, new opportunities for constructive effort may present themselves 
unexpectedly to the mind. 

As a fourth evidence of efficiency may be named “initiative”. Initiative is 
the ability to reason out a course of action and to take that course decisively 
and energetically. It is one of the basic elements of business success. Without 
it, no credit man, of all persons, need hope to travel far. It is wise to 
encourage initiative. 

As-a fifth evidence of efficiency may be named the power of growth. 
The power to grow comes from getting away from the narrow limitations 
of one job. Everyone cannot help experiencing a certain nanrowing effect 
from his daily work. If we do not guard against this the mind trained to 
a certain point crystallines, as it were, and refuses to grow. How to get away 
from “one job”? The answer seems obvious. For every vocation including 
the job welding shop business there are trade journals, group discussions 
and meetings of various types which are facilities for growth. For the voca^ 
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tion of credit management there is a trade journal of superior excellence— 
credit and financial management. In it the credit man will always find 
patches of fruit-bearing knowledge directly helpful to him. He may be 
enlightened and broadened by an editorial. Attendance at meetings of his 
local Association, participation in credit^ group activities—all enables the 
credit man to gain knowledge, keenness of mind and breadth of vision. The 
credit executive who lives only in the narrow world of his own experience 
will be narrow in his ideals and aims. He will lack the power of growth. 

As a sixth and final evidence of efficiency is presented—the right objec- 
tive. It is not enough for a man to know how to work and to work hard— 
he must work in the right direction. Misapplied and misdirected energy 
reduces the power to do. The primary objective of every business is to 
earn a profit. Everything else is secondary. “Losses” may, and frequently do, 
damage profits. So the vital objective of the credit man's job is to maintain 
as nearly as humanly possible a balance between “risk” and the profit-value of 
a business offered. If this were not so there would be little future for credit 
executives. It should therefore be the primary object of the credit man 
to guard profit with every means at his disposal. 


| STaTEL'JLT c? liabilities 



i oh’cschsIss 

* 

ACCOUNTS 

DETAIL 

TOTAL 



CURRSXT LIABILITIES 

Notes Sc Accounts Payable 

201 - Kotea payable - Bank 

202 - Notes Payable - Other 
205 - Accounts Payable 

Total rotes & Aceta.Payable 


000.00 
000.00 
000.cc 
tro'errser 



Accrued Liabilities 

211 - Accrued Pay-Roll 

212 - employee Pay-Roll Coa- 

tribut ions: . 

212 z- State Unenploy.Ina. 
212F- Federal Unenploy.Xns/ 
212G- Federal Old-Age AnnUltj 


000.00 

000.00 

000.00 

000.00 



Total Accrued Liabilities 
Total Current Liabilities 


enroro 

000.00 



T2XZD LIABILITIES 

221 - Mortgages Payable 

Total Liabilities 


000.00 
ooo .to' 



CAPITAL 

251 - Preferred stock Auth. 

252 - Preferred stock 

Unissued 

000,00 

000.00 




Preferred stock Issued 


000.00 



255 - cannon stock Authorized 
255 - Cannon Stock Unissued 

000.00 

000.00 




Cornea Stock Issued 


000.00 



261 - Surplus 

271 - Profit & Los® 


000.00 

000.00 



Total Capital 


000. Oo 



TOTAL LIABILITIES & CAPITAL 1 


000.00 


.. 

Month and Tear 1 




Fig* 22. Statement of liabilities. 
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There is an old, but nevertheless true, saying—that the job is never 
completed until the account is collected. The credit man must be particularly 
watchful to keep his accounts paid up and liquidated. Frozen assets prove 
embarrassing, if not fatal. Recognising the importance of this situation, a 
series of collection letters is offered in an effort to "turn the trick" and 
"keep customers smiling". Three short form letters are offered (Refer A, 
B and C) together with a form letter suggesting the transfer of an account 
to other hands for collection. (Refer D). Then follows a 4x6 suggested card 
"Record of Collection Activity," (See Fig. 28), which ties in with A, R 
and C or the card may be dispensed with and a summarisation made on the 
file in much the same form, (See Fig. 29). 

Letters A, B and C may be printed in the form of notices and enclosed 
in envelopes (printed on post-card sff;e). Either letter or printed notice 
form will be found acceptable. 

(A) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

Your account as cf the above date reflected overdue balance in accordance with 
terms as shown on invoices. If you have not already mailed remittance, will you kindly 
do so upon receipt of this notice. 

Thank you. 

CPsEDIT DEPARTMENT. 

(B) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We have not received at this time, your remittance covering overdue account 
previously brought to your attention. 

Please forward check now if it has not already been mailed. Or, should there be 
any question regarding accuracy of charges, please advise promptly so that we may 
make any adjustments if in order. 

Your prompt attention will be appreciated. 

CREDIT DEPARTMENT. 

(C) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We are still without remittance covering your overdue account previously brought 
to your attention. 

No doubt you have overlooked the length of time we have granted beyond terms 
shown on invoices. Your prompt attention is requested which will avoid the necessity 
of considering a change in terms pending adjustment of your account. 

CREDIT DEPARTMENT. 

P. S. If remittance has been mailed, kindly disregard the above and accept our 
thanks. 

(D) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We have written you several letters (or collection notices) without a reply. During 
the time that has elapsed since we began following you for payment of this balance, 
we have received no remittance from you to apply on your past due account. 

We regret to advise that unless we receive a remittance to apply on account by 
ten days from the date of this letter we shall have to arrange to transfer your account 
to our attorneys for their handling to a swift and satisfactory conclusion. 

CREDIT DEPARTMENT. 
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(D'l) YOUR WELDING COMPANY 

(Address to be inserted) 

Date 

We are still without remittance as requested in our letter of ... 

therefore, we have no alternative other than to transfer this balance to our attorneys. 

We regret this step but feel that we have shown you every leniency and courtesv 
in the handling of this matter. 

We should like to point out to you again that you may still avoid this step by 
mailing check special delivery to us immediately upon receipt of this letter. 

"credit department. 

^ NOTE:—A reply to any of the foregoing letters from the customer will necessitate 
a breaking up of the remainder of the collection series p.pd handling the account on a 
“persona!" basis—that is, a direct reply should be forthcoming ha=cd upon custom¬ 
er's contention or promise to pay. 

Safety—It takes a hundred years to test out a new idea, or to really 
understand and know the essence of a difficult problem. That is particularly 
true when the problem involves the intricacies of human behavior. Take for 
example, safety! 


1-———- - 

PROFIT A2 ID loss statement 


YEAR 

TO DATS 

f Amount 

i £ 

* ACCOUNTS 1 

% 

Amount 

| ooo.ee 


1 APPARATUS: Salas 


000.00 

; 0 0 0 * C 0 


Cost cf Sales 


000.00 

l 


• Gross Profit 


CRETTTO 

11 COO.00 


•SUPPLIES: Sales 


000.00 

1 000.00 


Coat of Sales 


000.GO 

! 

£ Gross Profit 


UUG7G& 

000.CO 

1 

REPAIR JOBS:Sales 


000.00 

! ooo.co 

a Cost of Sales 1 


000.00 

j ~~O.„0 


Gross Profit 1 


000".“00 

000.00 

SKISCs Salas 1 


000.00 

000.00 

..... 

Cost of Sales 


000.00 

TOc .oo 


Gross Profit 


000.00 

: ooc.co 


. RENTAL: Cylinder Demurrage 


000.00 

! ooo.co 


Equipment 


000.00 

j Coo .00 


TOTAL GROSS PROFIT: 


“000700 

i ooo.co 


Delivery Expense 


000.00 

| OOw.CC 


? Selling Expense 


000.00 

f a CC 


. Administrative. Expense 


000.00 

! “U3-0.eC 


f TOTAL EXPENSES: 


doO.OO 

# 000.00 


NET OPERATING PROFIT: 


“000700 



pTHDR INCOME: 



1 . C30.CC : 


901 - Discounts Earned 


000.00 

1 030,00 


S90S - Interest Earned 


000.00 

ooc.co 


933 - Sale of Scrap 


000.00 

I Sv v f v V 


; SOS - Miso.Gains 


000.00 

I 00c.co 


TOTAL OTHER INCOME: 


000.00 

* 


total net o per at me 





PROFIT & OTHER INCOME 


000.00 

j 


OTHER CHARGES: 



ooo.co 


951 - Discounts Allowed 


000.00 

ooo.co 


952 - Interest Cost 


000.00 

000.00 


959 - kisc.Losses 


000.00 

O O w . w G 


TOTAL OTHER CHARGES: 


OoO.Co 

ooo.co 


NET PROFIT 


000.00 

. .. 

_ 

Month Ending 



Fief. 23. Prefit and Loss statement. 
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MANUFAC TURI NO STATEMENT 

MONTH 


YEAR TO DATE } 

Amount 

* 



Amount 

000.00 


Mfg.Materials Invty.Begin 


000.00 

000*00 


Purchases | 


000.00 

500*00 


TOTAL t 


000 .do 

000.00 


Mfg.Materials Invty.Ending 


000.00 

doo.oo 

y MATERIALS CONSUMED fi 


..1550.50 



Manufacturing Expanses: 



000*00 


501 - Salaries, Supervision 


000.00 

000.00 


502 - Salaries and Wages 


000.00 

000.00 


504 - Payroll Taxes 


OCO.QC 

000.00 


505 - Workmen*a Comp.Ins* 


000.00 

000.00 


506 - ICfgr.Supplies 


000.00 

000.00 


507 - Power 


000.00 

000.00 


508 - Water 


000.oc 

000.00 


510 - Heat & Light 


000,00 

000.00 


512 Laundry 


00C.00 

000.00 


514 - Depreciation 


000.00 

000.00 


516 - Insurance 


000.00 

000.00 


518 - Rent 


000.00 

000.00 


519 - Taxes 


000.00 

000.00 


520 - Repairs &. Maint. 


000.00 

000.00 


521 - Miscellaneous 


COO.DO 

550.5~6~ 


TO UAL LOO R . EXPENSE: 


^ ^ B w o 



TOTAL COST TO MANUFACTURE 



000.00 


(or Fabricf-te) 

. 

000.00 



COST OF GOODS SOLD 





STATEMENT: 



000.00 


Finished Shook Invty.Begin. 


000.00 

000.00 


Cost to Mfgr.as above 


000.00 

OoO.OO 


TOTAL 


C55.C'Cf 

000.00 


Finished Stock Invty.2nding_ 


000.00 

0Q0.00 ! 


Cost of Goods Sold: 


000.00 






1 


Month Ending 



Figr. 24. Manufacturing statement. 


The public, as a rule, does not look beyond the externals. The average 
employer still thinks of accident prevention in terms of “stunts 1 ’. Almost 
any alert safety man can take over an industry, a logging camp, or a canning 
factory and make remarkable reductions in its accident rates within the first 
years. If safety work has never received serious consideration, the plant will 
be in urgent need of physical improvement. The less expensive of these 
changes will probably receive attention. Some of the more glaring unsafe 
practices will be corrected. 

The familiar parades and drum beatings, the poster displays and the con¬ 
test pressures can be applied in the effort to control accident losses. These 
stunts have been tried thousands of times. They have a recognised place in 
the accident prevention program. But they are not the final answer in 
making safety really a part of the business. 

Take the comparable problem of “quality of goods produced or work' 
manship performed”. Every employer knows that by certain procedures he 
can interest the workers in improving the quality up to relatively high 
standards. But the real problem is not merely to raise quality to a temporary 
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level; it is to maintain and improve still further the standards of excellence 
to meet the demands of a public that is becoming more and more exacting. 
The safety man must keep in mind that his biggest task, after all, is to 
establish new and ever higher standards of safety relationships and attitudes. 
He must convince both the employer and the worker that Safety is a 
fundamental part of the operations of the plant, that it is a sound element in 
management that results in operating economies. He must dispel the notion 
that accident prevention is merely a nice gesture of philanthropy, com' 
mendable but expensive. And he must build up the conviction that any 
product with the stain of blood upon it cannot be a quality product, nor is 
the industry that produces it a quality industry. 

Better understanding of safety will come to us as the years roll by. But 
all of us will be helped if we will take time to compare this job of accident 
prevention with other high endeavors in the struggle for the best that life 
can give. 

Accident Prevention—Accident prevention is not an easy job; it is not 
a job to be accomplished in one brief period and then to be forgotten. If the 
desired results in safety are not obtained, the solution is to go back again 
to the equipment and the processes which may cause accidents, find out what 
is wrong with them, and take the necessary corrective action. 

It is true that some companies are able to achieve a very great reduction 
in accident rates in a very short period of time. 

Such successes are clearly the result of unusual ability, unusual em 
thusiasm, with a possibly reasonable amount of good luck thrown in. 

These are the same reasons which produce unusual successes of other 
kinds. If a new company enters a particular industry, and in the course of 
a few months is turning out a better product at a lower cost than companies 
which have been in the field for many years, the answer is ordinarily to be 
found in certain definite qualities of management. 

Long ago someone said that "safety is like riding a bicycle; if you stop 
pedaling you fall ofP\ This expresses a fundamental truth. It is just as true, 
however, that in other ways safety is not at all like riding a bicycle. For 
example, there is nothing routine about accident prevention. A successful 
safety program must be varied, and it must incorporate many methods for 
detecting and correcting unsafe conditions and unsafe practices. But the 
keynote of it all is persistence. A three months’ safety contest will not 
solve the accident problem for a year. There is nothing wrong with the idea 
cf safety. These employers who fail to make the idea a reality in their 
businesses simply overlook the fact that the achievement of safety, like the 
achievement of all other worthwhile things, comes only as a result of tenacity 
and persistence. We must go at this business of safety as though it were a 
lifedcng job—which it is! 

Management in the Safety Program—The focal point of industrial safety 
is the relationship existing between the employee and his foreman. The more 
safety can be personalised—the more it can be continuously presented to men 
by their immediate supervisors, the more the frequency and severity rates 
will drop. 

Management’s responsibility for protecting the worker cannot be over' 
stated. First, there must be a sincere interest on the part of management. 

Second, it is the duty of management to provide safe machines with the 
latest mechanical safeguards. 

Third, there must be good industrial housekeeping—a clean plant with 
orderly aisles and other floor space and good stock conditions. 




SECTION VII—COMMERCIAL WELDING 


593 



EXPENSE SCHEDULE 

MONTH 




jHH 1 

Amount 

* 



K3H 



■HI 

DELIVERY EXPENSE: 8 

■H 


000.00 

■ ■ 

601 

- ExecutiveSalaries 

■ 

000.00 

000.00 

■ 

60S 

- Driver*a Wages 


000.00 

000.00 

■ ■ 

603 

- Payroll Taxes 

■ 

000.00 

000.00 

■ ■ 

604 

- Workmen 9 s Comp.Ins. 

^H 

000.00 

000.00 


605 

- Gasoline 

■ 

000.00 

000.00 


606 

- Oil and Grease 

■ 

000.00 

000.00 

H H 

607 

- Tires 

H 

000.00 

000.00 

■ 

608 

- Garage Supplies 

■ 

000.00 

000.00 


609 

• Depredation 


000.00 

000.00 


610 

• Insurance 

■ 

000.00 

000.00 

HI -y. 

611 

- Repairs & Maint. 

■ 

000 . 00 

000.00 

■ ■ 

61S 

- Miscellaneous 


000.00 



TOTAL DELIVERY EXPENSE: I 

■M 




SELLING EXPENSE: 1 



000.00 

■ 

?or 

- Executive Salaries 

■ 


000.00 

■ 

702 

- Sale amen 9 s Salaries 


000.00 

000.00 

— 

703 

- Commissions & Bonuses 

■ 

000.00 

000.00 

■ ■ 

704 

- Payroll Taxes 


000.00 

000.00 

— i 

705 

- Workmen *s Comp.Ins. 


000.00 

000.00 

■ 

706 

- Advertising 

■ ■ 

000.00 

000.00 

Warn 

707 

- Automobile Expense 

■ ■ 

000.00 

000.00 

■ ■ 

708 

- Telephone & Telegraph 

■ ■ 

000.00 

000.00 

■ 

709 

- Miscellars ous 


000.00 


— 

TOTAL SELLING EXPSffSZ: 

MB 



■.y .' 

ADMINISTRATIVE EXPENSE: 



000.00 


801 Executive Salaries 


000.00 

000.00 

■ 

802 

Office Salaries 


000.00 

000.00 


804 

Payroll Taxes 


000.00 

000.00 

■ 

805 

Workmen 9 s Comp. Ins. 


000.00 

000.00 


806 

Stationery & Office Supj 


000.00 

000.00 

■ 

807 

Heat, Ligit Sc Water 


000.00 

000.00 


808 

Telephone Sc Telegraph 


000.00 

000.00 

■ 

809' 

Laundry 


000.00 

000.00 

■ 

810 

Depreciation 


000.00 

000.00 


812 

Insurance 


000.00 

000.00 


813 

Rent 


000.00 

000.00 

■ 

815 

Taxes 


000.00 

000.00 

S H 

817 

Repairs & Maintenance 


000 .00 

000.00 


818 Postage 


000.00 

000.00 


819 

Accounting & Legal 


000,00 

000.00 

■ ■ 

820 

Losses on Bad Accounts 


000.00 

000.00 

■ ■ 

821 

Miscellaneous 


000.00 

000.60 


| TOTAL ADMINISTRATIVE EXP. 


KfiSBiSiH 

000.00 



TOTAL EXPOSES 

000.00 



Month Ending 



Fig. 25. Expense schedule. 

Fourth, foremen should be interested and instructed in safety education 
so that they might better instruct the men in their charge and see that none 
but experienced and careful operators are on the job. Foremen should be 
schooled in small groups to insure this. 

Fifth, the subject of safety should be brought forcefully to the attention 
of the entire organisation periodically through the medium of contests, 
safety exhibits or mass meetings. 

Obviously, the fullest realisation of these five points can only be attained 
when it is translated to the men at the job through the foremen. The problem 
of industrial safety is very much akin to that of highway safety. In the last 
analysis, the human element is the chief factor and reaching that key element 
requires continuous alertness on the part of men and management. 

SAFETY IDEALS APPLICABLE TO THE JOB WELDING SHOP 

Goggle Cleaning Unit —This can be easily made. A hand lotion bottle 
is mounted on a panel alongside an ordinary tissue paper dispenser. This 
bottle is filled with one of the popular cleaner solutions. 
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Safety Railings for Floor Openings—A protective railing may easily be 
installed at floor openings to reduce the danger of men falling into them. 
The device consists merely of angle irons welded together. When not in 
use the frame is either lowered below floor level, resting on angle irons 
fastened to curbing and the cover put in place or the frame may be removed 
and set to one side and the cover put in place. The railing or frame is of 
light material and is easily handled by one man. 

Slipping Hazard Reduced on Machine and Welding Tables—There are 
a number of machine tools with cast iron tables on which operators must 
stand in the performance of their duties. After long use, the surfaces of 
the tables wear very smooth, causing a dangerous slipping hazard, especially 
when the tables are oily. To eliminate this hazard, grooves may be cut J/g'inch 
wide, yi 6'inch deep and Vi -inch apart, both lengthwise and cross-wise of the 
table. This does not impair the use of the table as a part of the machine, 
but it does give the operator an improved foothold. The method applies to 
any metallic surface on which men stand. 

The Value of Eye Protection—The inability of a spot welder to realize 
that his face shield could be used for anything other than protecting his eyes 
when spot welding, resulted in his losing seven days when a particle of weld 
entered his eye as he was shaping the weld with a chisel. The operator 
conscientiously wore his face shield when performing his normal operations 
as a spot welder, but when he had on one occasion to chip off a piece of weld 
with a chisel, he did not appreciate the value of the face shield in protecting 
his eyes from this type of flying particle. This accident is typical of many 
wherein the operator fails to carry through his protective equipment from 
the routine job to the occasional or odd job. In this particular case, the 
supervisor failed to emphasise the value of eye protection on jobs other than 
the operator’s routine job. 

Empty Drums (Dangers of Exploding)—Many empty drums continue 
to store explosive vapors. The most common of explosions in the welding 
game is the application of a torch in an effort to reclaim the drum for some 
specially adapted use such as making work-benches. When the torch burns 
through the drum itself it is apt to explode if it contains any remaining 
vapors of several varieties of chemicals. All drums should be thoroughly 
purged before applying heat. 

Insist upon standardization and use of all equipment necessary .for safe 
operation, such as goggles, hand shields, safety shoes, and safety clothing. 
This is an obvious and essential preliminary to any accident prevention 
program, but to make effective planning of safety it is necessary to train 
:ne worker to think safety and work safety, and to train the supervisor that 
It is his job to help the workman to prevent accidents. 

Safety as Practiced in the Job Welding Shop—There are some places 
in nearly every plant or shop where it is never permissible to do any sort 
of work which makes flame, heat or sparks. For instance, extreme care is 
always^necessary ^near explosive gases or flammable liquids; and such things 
as smoking, welding or cutting torches, electric arc welding, open lights, 
sparking tools, and every other possible source of ignition must be prohibited. 

Knowing the ways that fires may start is an important step in learning 
how to prevent them. Heat sufficient to start fires may come from the oxy- 
acetylene flame itself; from the metals being welded or cut; from molten slag 
and metal that blows or drips from the cut; and from sparks which fly from 
the work. 
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Some materials will catch fire from these sources of heat more quickly 
than others. Flammable gases and liquids, with air or oxygen present, are 
examples of materials that would flare up at once. Oily waste and ras's, 
and light materials such as burlap, excelsior, cartons, straw and waste paper 
catch fire less easily but bum vigorously once started. 

Wooden flooring, timber structures, scrap lumber, wood chips, tarpaulins, 
rags, and similar materials are even less apt to catch fire than the others 
mentioned. Yet this is all the more reason why special precautions must be 
taken with these combustible materials. For fires started in them may only 
smolder at first, and then may flare up sometime later—due possibly to a gust 
of air or a natural draft created by the smoldering heat. 

Heat from the metal being welded or cut may sometimes be the cause 
of fires, if hot pieces of metal are allowed to touch materials that burn 
easily. This is more apt to happen in the case of cutting steel and iron, 
because small pieces are often cut away from larger sections and are allowed 
to drop onto the floor or ground. The smaller or narrower the piece cut 
away, the more heat it will have absorbed, and the more likely therefore to 
set fire to burnable materials. 

Pieces of iron or steel which may have been heated to a bright red may 
retain enough heat to start fires for 5 to 15 seconds or even much longer 
under some conditions. Even though the piece may be at a black heat in 
daylight, it can scorch such things as wood or paper and a fire may start if 
there is enough draft. 

The molten slag that drips or blows from a cut is generally more apt to 
set fire to nearby combustible materials than pieces of red hot metal. This is 
because the slag is at the temperature of molten steel when it falls, and 
therefore it stays hot longer. However, when the slag drops from a height 
of about 15 feet or more, it tends to scatter and cool more quickly than would 
a small piece of red hot steel dropped from the same height. 


COMPENSATION RECORD 

Employee 

Name Telephone S.S.Acct.No. 

Address Mala Married No. or 

Aaares Female Single Dependants Color As?,e 

Exempt Fed.O.A. State U. I. Date Eir.d 

Prom Fed.U.I. Reason Imp loved. of V. or k 

Rate 0 

Full-Time Date Employ*t 

•^ er meekly Hrs. Terminated Reason 


TS 
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. PAID ___ J 
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Fig. 26. Compensation record. 
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Sparks—Because they will often fly in so many directions at once, and be¬ 
cause they sometimes travel for a considerable distance, sparks from cutting 
or welding must be watched closest of all to make sure they do not set fires. 
A spark is really a little ball of glowing metal oxide and some of the larger 
ones may retain enough heat to start fires for several seconds after landing. 

Sparks which fly from welding work do not usually travel far unless there 
is wind or a strong draft. They are harmless enough if combustible materials 
are not too close to the work. 

Cutting produces by far the heavier shower of sparks. The cutting sparks 
travel the farthest and stay hot longest because of their larger she. Much 
greater precaution must therefore be taken when using the cutting torch. 

Heavy sparks from cutting work may sometimes travel as far as 25 or 
30 feet away from the point of cutting. They can readily set fire to light 
materials such as excelsior, paper or oily rags. It goes without saying that" if 
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sparks should fall into containers holding flammable liquids, quick and 
dangerous fires would be the result. Several fires have been started by sparks 
falling into unprotected oil-soaked engine pits. 

But it is most important to realize that sparks which fly away some 
distance or roll along the decr may sometimes cause smoldering fires if they 
come into contact with materials that do not ignite readily. Even the ex¬ 
perienced welder knows how easily cotton gloves start smoldering due to 
sparxs riving from the work. In the same way, sparks which fall on things 
that will bum, even though some distance away from the welding or cutting, 
can also cause smoldering fires. 

Smoldering ores may start by sparks getting into cracks in floors and wood¬ 
work, cr by sparks lighting on materials such as rags, tarpaulins, paper 
wrappings, wood chips, scrap lumber and worn cushion pads. Sometimes 
these fires go out, but sometimes they continue to smolder and may shoot 
up as long as a half hour later. 

Every foreman in^ charge of welding or cutting work knows that when 
this work is a part of regular production or repair operation, and is carried 
on in the same location time after time, there is small likelihood of fires being 
started. There are a number of reasons for this. In the first place, fire 
nazards are usually eliminated before welding or cutting equipment is in.- 





SECTION VII—COMMERCIAL WELDING 


597 


RECORD OF COLLECT!® ACTIVITY 

Form Cl Hailed 


_ Covering 

$ 


Date 


L'onth Amount; 

Form CZ Hailed_ 

Date 

_ Covering 

$ 

Month Amount 

Form C3 Hailed _ 

Date 

_ Covering 

__1 ... 

Month Amount 

Telephoned Oust 


Promised 


Telephone Oust 


Promised 


Personal Call 


Promised 


| Record of Payments: 





Date 

Amount Balance 



Date 

Amount Balance 

Terms Changed: 


Account Closed 


L)ate 


i5ate 1 


Fig. 28. Record oi collection activity. 


stalled. Any hazards that may be overlooked at first are generally taken care 
of after a short time, and the welding or cutting work is then well safe' 
guarded. 

On the other hand, welding or cutting work done with portable equic' 
ment in temporary locations is much more apt to cause fires, unless suitable 
precautions are taken. For one thing, the equipment is used in a wide variety 
of places—quite often places which cannot be made as proof against fire as a 
welding shop. Sometimes the fire hazards are not out in plain sight and are 
known only by the local foreman or superintendent. Often an outside con' 
tractor brings in equipment, and his men may hesitate to ask for the necessary 
assistance in preventing fires. Demolition work presents a serious problem of 
fire prevention due to the general disorder and litter common on such jobs. 

The facts are that of all fires caused by welding and cutting work, about 
80 per cent are caused by cutting in some place other than a permanent, 
safeguarded location. This will explain why the following recommendations 
on preventing fires are chiefly about sparks and slag from cutting work. 

The facts, too, are that welding and cutting fires are preventable. Com¬ 
panies who encourage their foremen to enforce these recommendations have 
as low a fire loss record with their portable equipment operated in a permanent 
location. 

Preventing Fires—The safest and surest rule to follow in preventing fires 
is to— 

Keep flames, sparks, molten slag and hot metal from coming in contact 
with materials that will bum. . . . 

Take no chances. Fires can get the best of you at times even if you are 
prepared to put them out. 

Never use cutting or welding torches where sparks or an open flame of 
any kind would be a hazard. 

Before you cut or weld in a new location for the first time, always check 
with the nearest foreman or superintendent in authority ... he may know 
of some serious fire hazard that you might fail to guard against. 

Use sheet metal guards, asbestos paper or curtains, or similar protection 
to keep sparks close in to the work being done. 

If welding or cutting is to be done over a wooden floor—Sweep wooden 
floors clean and wet them down before starting work. 
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Be Prepared to Put Out Fires—Always be ready to put out any fire 
promptly with fire extinguishers, pails of water, water hose or sand . . . have 
a helper, or one or more extra men if necessary, on hand ready to extinguish 
a fire. 

If the place in which cutting is to be done is provided with sprinklers— 
Maintain sprinkler protection without fail while cutting or welding is being 
done ... it is of special importance to make sure sprinklers are working 
during extensive repairs or building changes. If sprinklers must be shut 
down for a time, have this dene if possible wnen welding or cutting work is 
not in progress. 

Keep a man at the scene of the work for at least half an hour after 
the job is through . . . have him look carefully for smoke or fire before 
leaving. Don't forget that heavy sparks from cutting operations sometimes 
fly 25 to 30 feet or more and hold their heat for several seconds after landing. 

Practicing Safety with the Other Fellow’s Property—An increasingly 
large number of compressed gas cylinders and other containers, the property 
of the manufacturer, are damaged in customers^ shops because operators 
thoughtlessly use them to strike arcs. This is a very dangerous procedure, en¬ 
tirely apart from the material damage to the cylinders. All operators should 
be cautioned against this practice. To reinforce such personal solicitation it 
is suggested that a warning card be displayed suitable for tacking to walls 
or bulletin board, with the fallowing wording prominently displayed: 

DANGER 

DO NOT STRIKE ARC 
ON ANY COMPRESSED 
CYLINDER 

Safety directors where employed in larger shops will appreciate the serious¬ 
ness cf this suggestion and are urged to assist their customers in instructing 
their personnel, and particularly warning them from unsafe practices. 

Safety Committees for the Small Job Welding Shops—A small job 
welding shop with limited personnel is considered as being an organisation 
where employees ordinarily work in one department and where the manager 
or owner has no assistant to whom he can delegate partial responsibility for 
various problems cf management. Such a plant or shop should have what 
is known as a ""shop safety committee". This committee may be composed 
of three or mere cf the following: (1) Manager (a person in the shop 
with the most authority); (2) Superintendent, (3) Foreman (one or more); 
(4) Welder (one or more); (5) Safety Engineer, and/or the Purchasing 
Engineer or Office Manager. The foreman and the welder should rotate 
in once. 

The duties of a plant safety committee may be outlined as: (1) Cover the 
entire field of accident prevention. (2) Handle all legislative and executive 
matters. (3) Fire protection and sanitation inspections. (4) Inspections for 
hazardous and resulting recommendations. (5) See that new and old employees 
are properly instructed as to the hazards of their respective jobs. (6) Meet 
at least once a month. (7) Keep an orderly and constructive record of the 
minutes. (8) Turn the minutes over to the manager or other designated 
authority for review. (9) Invite the manager to attend at least some of 
the meetings. His presence will indicate his support. (10) Type, write or 
print safety bulletins when as and whereas necessary and display them 
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prominently on bulletin boards. In these bulletins promote "safety education”. 
Brief month by month notices may be setup and detailed or briefly commented 
upon as follows— 

JANUARY—Maintenance and Repairs 

The maintenance men who keep the plant safe for the rest of the organ' 
Ration are themselves exposed to many hazards. They should be reminded 
to: Stop all machinery before lubricating or making repairs. Be sure tnat 
electric lines are dead. 

FEBRUARY—First Aid 

Why do men delay reporting minor injuries for first aid treatment. 
Popularize the first-aid department. 

MARCH—Adequate Instruction 

"Ignorance of the law excuses no one”, is an old legal saying. Ignorance ct 
safety rules wont keep a man from accident. Every worker is entitled to 
thorough instruction in the safe methods of working and the shop foreman 
should make sure his welders and helpers understand the instructions before 
going ahead. 

APRIL—Housekeeping . 

Keeping the shop in a neat and orderly condition is a never-ending job— 
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it will help to check frequently for dirty areas, obstructed aisles, defective 
floors, broken stair treads, etc. 

MAY—Hand Tools 

Hand tools receive a lot of punishment, even when used by skilled, 
careful workmen. They can't be inspected too frequently if all defective 
tools are to be detected before they cause trouble. 

JUNE—Health 

Summer heat brings discomfort. Emphasize the precautions essential to 
personal hygiene. Explain the value of salt tablets in maintaining health 
in hot weather. 

NOTE—Follow through on the remaining months in much the same order. 
Topics may be covered to include (1) Electric Equipment (2) Preparation 
for Winter (3) Personal Protection (4) Heating and ventilating equipment 
(5) Inventory—in connection with this last heading it is a fact that the end 
of the year is the time for stock-taking and a safety department might well 
check up on its organization, its equipment, its successes and its failures. 
Changes or additions that will increase the effectiveness of the program may 
be considered. Start work on plans for the new year and invite suggestions 
for new safety activities. 

Never in the history of our country has there been a greater consciousness 
of safety. We are spending billions of dollars in order to save our country 
and its democratic ideals. Safety on the seas, safety on land and in the air 
is a paramount issue in the minds of the American people and its govern¬ 
ment. In order that the seas, the land and the sky are prepared for defense 
of our country’ the mudsill of it all is on the shoulders of the industrial 
workers. If this be true, then it is the patriotic duty of both the employer and 
employee to magnify the importance of Safety. Speed is the cry of those 
interested in the production of war materials. Haste is necessary, and because 
of it there are more opportunities for accidents. An injured workman cannot 
produce. We should, therefore, determine that safety shall, at all times, 
prevail in our plants. 

“We should think and act for safety"! 



Chapter II—Organization of Garage or Service Station for Arc 

Welding 

By Clarence McClellan 

Director of Welding, McClellan & Sons Super Service Station, M enomonie, Wise. 



Subject Matter: The garage located in a community under 
10,000 population has a better chance for success in arc welding 
than the garage located in a larger community. The shop de¬ 
scribed has sufficient equipment to do a wide variety of auto¬ 
motive jobs as well as outside welding which amounted to 38 
per cent of the total welding business. 


Clarence McClellan 


The advancement of welding in all fields of production and construction 
of machinery, including the automobile, has placed the garage or service 
station, whose business it is to repair and maintain automobiles, trucks, and 
busses, in an important place as an outlet for arc welding in maintenance 
and repair. 

The garage or service station located in a community of under 10,000 
population has a far better chance for a business in arc welding than the 
garage located in a larger community. This is based upon a national industrial 
survey conducted by “Motor Service’ 1 magazine which points out that 
welding ranks seventh in the list of importance of jobs done by the garage 
in a community under 10,000 and twenty-fifth in communities over 10,000. 
There are 13,000,000 welds to be made on machinery this year (1942), and 
the garage or service station which has arc welding and knows how to use 
it will be in line for a big increase in business in 1942 and succeeding years. 

The advancement and streamlining of practically all of our social and 
industrial life has shortened the distances between supplier and consumer, 
consequently the community that can produce the service and commodities 
that the public wants is the community that will get their business. This 
eventually leads to the statement that the larger the community, the more 
and varied the service rendered taking in all service rendered in a com¬ 
munity’s social and industrial life. Consequently, since repairing and con¬ 
struction are the units which keep the community’s wheels turning, arc 
welding as a practical speedy method of repair and construction, quite 
naturally builds up a community, because the public does not have to go 
elsewhere in order to have its work done; and since arc welding has no 
bounds as far as applying it to industrial fields, it falls upon the shoulders and 
ability of the garage or service station personnel to know what can be done 
with this process. 

The saving of time, money and material made possible by arc welding 
in repair, maintenance and construction is a community builder just as import 
tant in its place as educational facilities are to children and adults. Wij 
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smaller and smaller profits coming to any business on a basis of volume of 
work done, it is going to be essentially necessary to offer faster and more 
efficient service in order to survive competition. Tbis leads to redesign and 
faster methods of construction and repair and the logical answer is arc 
welding. 

We have developed socially primarily because of advancement in com¬ 
munication, transportation and production based upon scientific research, 
and in this period of war ar-d unrest we cannot go backward. As an aid to 
this advancement, arc welding as a means of repair, maintenance and con¬ 
struction in urban and rural life, will be called upon to do a great deal in 
maintaining this standard of social and industrial activity and advancement. 

Basing our belief in the foregoing, and not looking just at the period of 
unrest that we are now going through, we have organised our service station 
for arc welding on a long-term basis. The operating divisions are the basis 
for conduction welding in the shop. They are: Production (material and 
equipment actually needed to produce arc welding in the shop), selling, 
research, accounting and personnel. All of these operating divisions go into 
the operation uf the business; all are closely coordinated and none operates 
as an independent unit completely independent within itself. 

The well organized and well equipped shop is the shop that eventually 
gets the business and the profits. The main field of welding work in the 
shop is repairing and maintenance of automobiles, trucks and busses, and 
this field alone is large. Listed below are automobile parts that our service 
station repairs by arc welding. They are: motor blocks and heads, valve 
covers, fly wheel housings, bumpers and bumper brackets, steering gear cases, 
steering gear brackets and tubes, steering gear housings, hoods, hood handles, 
running boards, running board braces, fenders, fender braces, rims, wheel 
hubs, hub flanges, brake drums, frames, spring brackets, motor supports, 
spring shackles, shackles, brake levers, brake pedals, brake shoes, brake bands, 
brake cams, axle shafts, rear axle housings, torque tubes, inner brake or 
backing plates, universal joint casings, flanges for universal joints, gear shift¬ 
ing forks, shifting levers, transmission housings, transmission covers, clutch 
pedals, clutch release levers, clutch pedal adjustment links, clutch pedal 
shafts, clutch pressure levers, clutch pressure plates, clutch cover plates, tail 
light supports, tie reds for head lights, head lamp housings, magneto mount¬ 
ings, spark levers, distributor drive shafts, oil pump cases, drain plugs and 
washers, oil pans, unifier pipes, exhaust pipes, exhaust manifolds, fuel tanks, 
foot feed pedals, water pump shafts, water pump housings, water pump 
covers, water pump impellers, radiator shells, overflow pipes, radiator con¬ 
nections, radiator tanks, baffel plates, outlet pipes, fan blades, fan pulleys and 
carts, ran hubs, cam shaft gears, crank handles, starter housings and parts, 
uywneel housings, frames, ccwels, cross members, carburetor castings (cast 
iron), dash panels, doors, and wheels. 

In addition tc these jobs in the automotive field, the garage does con¬ 
siderable outside welding which amounts to 38 per cent of our total welding 
business, and the outside has shown the greatest business percentage increase 
in arc welding. It has grown from 18 per cent of the total arc welding 
business in 1938 to 3S per cent ox the total welding business as of December 
31, 1941. All welding business (arc welding and oxy-acetylene welding) 
has increased 104 per cent since December 31, 1938. Listed below are typical 
jobs in maintenance arid repair by arc welding that our service station 
dees outside of the automotive field. They are: 

Farm Machinery—Building up and hard-facing com shredder knives. 
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Fig. 1. Floor plan for garage or service station. 

repairing binders and parts, welding on plow points, hard'-iacing plow 
shares, welding blower fan blades, silo filler knives, corn knives, corn planter 
shoes, cycle bars and heads, cultivator shoes, spring tooth harrows, drill 
parts, water tanks, cultivator levers, hay forks, hay pulleys, tractor cleats, 
hay hammers, disc blades, plow beams, mold boards, manure spreader 
wheels, drive gears and castings, horseshoes (toe calks and hard'facing), 
mower parts, t hr eshing machine shafts, and cylinders, combine parts, corn 
picker parts, hay tracks, manure carrier buckets, seeder parts, wagons and 
parts, drag teeth, hay loaders and parts, hay bailing equipment, potato dig" 
gers, steel baskets, shredder rollers and shafts, milking stools, milking machine 
parts, aluminum milk receivers. 
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Household Equipment—Vacuum cleaner parts, spraying equipment, cook' 
ing utensils, stove castings, range doors, range lids, washing machine tubs 
and gear cases, washing machine rollers and wringers, toys, bicycle frames, 
sprockets and forks, lawn mowers, lawn rakes, hose reels, grass catchers, 
motor driven lawnmowers and parts, baby carriages, furnace sections for 
home heating plants, steam pipes and hot water radiators. 

Functional Machinery—Water pumps for boilers and parts, can com 
veyors for creameries and condensones, power hammer castings and dies, 
hydraulic turbines, (building up, welding and coating with stainless steel). 

Miscellaneous Work—-Thawing water pipes and mains, renting arc welder 
to construction companies, consulting service to power companies on welding 
vertical and horizontal cast iron and steel turbine runners. 

Redesign of Existing Structures—Redesigning motor bases and castings 
to welded steel construction, redesign of framework for doors, redesign of 
wheels and pulleys from cast iron to steel arc welded construction on thresh' 
ing machines, silo fillers and tractors, redesign of cast iron wheels to steel 
construction for rubber tires. 

Outside Welding Not Classified—Creameries, condensories, stainless steel 
milk tanks, steam pipes, monel metal tanks, filler machines, piping (milk) 
cooling; equipment, storage tanks; crusher maintenance, building up worn 
manganese steel crusher jaws, dump boxes, crusher castings and frames, 
tracks, and conveyor belts; brick yard equipment, hard'facing pug mill 
augers, pug mill knives, clay feeder shoes, clay car wheels and axles, pug mill 
parts and castings. 

The welding" equipment which we find necessary to have in the shop in 
order to take care of’ ail the classifications of welding above is listed below 
along with the crises on a basis of reproduction new, using 1939 as an 


average price year for equipment. 

One 200 ampere motor generator dual control arc welding machine 
with 5G feet cf number 2 cable, electrode holder and 2 arc welding 

shields.$ 525 

One 250 ampere A- C. transformer with 50 feet of number 2 cable, 

electrode holder and 2 shields... 255 

One arc welding table equipped w-ith curtains and ventilating equip' 

ment . 35 

One 2CO ampere gas engine driven arc welding machine equipped with 

ISO feet of number 2 cable, electrode holder and 1 shield. 700 

One lathe, 16 inch swung and S foot bed motor attached.. 900 

One 5C pound automatic acetylene generator... 125 

Two cxy'acetylene welding torches, 1 cutting head, 1 cutting torch, 

70 feet of heavy duty hose with 12 feet of leader hose, 2 pairs of 

welding goggles, 1 pair of chipping goggles, gloves and lighters. 235 

Oxygen and acetylene cylinders for outside welding are furnished by 
the gas supplier. 

One 2 H. P. production grinder. 270 

One 250 cubic foot air compressor.. 290 

One portable grinder yh H. P. motor.... 60 

One portable sander and polisher ]/$ H. P. motor. 60 

One drill press, 16" plate will handle 1" Grill.... 275 


Total Welding Equipment.$3730 

One Va'ton pick'up truck. 750 


Total Equipment 


.$4480 
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In addition to the above mentioned machine tools, there are hand tools 
and materials which are necessary for the operation of the garage as a whole 
and arc welding as a unit. They are: work benches, open-end and box 
wrenches, pipe wrenches, monkey wrenches, screw drivers, hammers, ware 
brushes, chipping hammers, vises, tongs, steel racks, storage sheds for steel, 
oxygen, acetylene and welding rod, bolts, nuts and washers and bins for 
these, welding rod racks in the shop, chain hoists, preheating torch and 
preheating furnace, jigs and fixtures. The total for the above amounts 
to $1575.. 

Additional garage equipment such as wheel alignment equipment, trip 
hammer, forge, anvil, hydraulic hoist, toe-in equipment, greasing equipment, 
radiator bench and tank, lawnmower sharpening equipment and auto parts 
amount to $4260. 

The total shop equipment for all units amounts to $10,315. 

Along with the necessary equipment, hand and machine tools neces¬ 
sary for producing arc welding in the service station, there are a number 
of other factors that must be taken into consideration in order to actually 
have arc welding function properly. They are: 

Appointment of a Welding Foreman—It is essentially necessary to ap¬ 
point someone to be in charge of all welding activity in and out of the shop. 
The foreman must be given authority to act and should not be hampered 
with too many other activities in the shop. This will be brought out later 
under accounting for each unit and the responsibility that rests with the 
foreman. We have foremen for the major operating units of the shop and 
we experience no trouble and the employees experience no trouble in know¬ 
ing who is in charge and from whom to seek help or information. 

We have made it a shop policy that every foreman have three years' 
trade experience in his major operating unit, a high school education or 
has completed courses in a vocational school in shop mathematics, physics, 
chemistry pertaining to materials and bookkeeping. We have found through 
experience that a foreman who possesses the foregoing qualifications ad¬ 
vances faster and grasps new ideas faster than men without these qualifica¬ 
tions. There are, however, exceptions to this policy and one of our foremen 
does not meet these requirements but has the ability and interest to go ahead 
and will in time acquire the necessary educational requirements. It is difficult 
to get men to go to school, but like anything else the starting point is the 
hardest to overcome. Once the men start a required course and find out 
how much they are lacking, and how much they don’t know it is an easy 
matter to keep them going. 

The foreman, besides-knowing his subject matter, must be a leader of 
men and a teacher. He must be able to lead them to the output of work 
that we demand and yet must keep their respect. We have found that 
a foreman who drives men will not have their trust and the men in turn 
will He and evade him whenever they can and will avoid working under 
him when possible. This causes a drop in output of work and a general 
lowering of morale among the employees. The foreman must also be a 
teacher in terms of demonstrating the correct method of doing jobs in his 
field. This is especially true with new men who have had no previous 
work experience in the operating unit in which they are working, and older 
men who are not familiar with newer methods. 

Selection of Arc Welding Machines —The shop has three welding 
machines, a 200-ampere motor generator D. C. set and one 250-ampere A. C. 
transformer both of which are stationed in the shop. For outside welding 
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Fig. 2. Sample customer listing and job filing card. 


we have a 2QG-ampere gas engine driven machine. The machines are suf¬ 
ficiently large to take care of 95 per cent of all our welding in and out of 
the shop. There are times, however, when we could use a 300-ampere gas 
engine driven welder very nicely on such work as thawing water pipes and 
welding heavy sections of turbine blades. The 200-ampere D. C. welder 
and the 250-ampere A. C. transformer are used in the shop and we find it 
necessary’ to have them in crder to take care of rush periods of welding 
and general speed up cf output of welding jobs by putting two machines 
and welders on the same job. 

Our experience has proven to us that it does not, in any way one wishes 
to look at the problem, pay to “build your own' 1 gasoline engine driven 
welder. There are 200-ampere gasoline engine driven welders now avail¬ 
able at approximately $450. No one can possibly buy a welding generator, 
secure a motor and governor and build an arc welding machine under $600. 
We know this from our own experience; in fact our gas engine driven 
welder cost us approximately $700 and then it was not up to the point of 
perfect operating efficiency. Lack of experience is the greatest drawback 
in “building your own” primarily because of lack of necessary building 
experience in this field and adequate knowledge of design and proper motor 
sites for different sices of generators. If we find it necessary to secure an¬ 
other gas engine welding machine, we will buy?' it from a reputable concern 
whose business it is to manufacture them. 

Selection of Hand Tools, Machine Tools and Benches—The number 
of hand tools, machine tools and benches needed will depend upon the 
amount and type of work done. We in the auto shop find that the line of 
hand tools and benches ordinarily in a well-equipped service station will 
adequately serve arc wielding. There are, however, a few machine tools 
that we find necessary’ in Greer to prepare and finish welding jobs. They 
are: a lathe 16-inch swung S-foot bed, drill press with a 16-inch plate which 
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will handle a 1 -inch drill, floor shear for cutting steel (not shown on the 
floor plan) up to / 2 -inch, power hacksaw (not shown on the floor plan) 
and 2 horsepower power grinder. These machine tools adequately take 
care of all preparation for welding and finishing the job after welding. 
We are forced at times to turn down heavy jobs because our machine tools 
will not handle them. However, when the volume of this business is suf¬ 
ficient to warrant investment in heavier machinery we will purchase the 
necessary equipment. 

Selection of 'Welding Electrodes—All welding electrodes used in the 
shop conform to the American Welding Society specifications. No bare or 
lightly covered electrodes are used except in the case of building up man¬ 
ganese steel crusher jaws and manganese steel in general. Even in training 
mechanics in welding we do not use bare electrodes, primarily because bare 
electrodes do not have sufficient resistance to shock and bending stresses. 
We find it highly advisable to use welding electrodes that follow*"specifica¬ 
tions and produce maximum strength of deposited metal. Then, too, covered 
electrodes are probably the only type which will be used in the future. 
We entirely discount the idea, and our training program for our own 
welders does not substantiate the statement, that it is better to train a map- 
on bare electrodes first because he will find it necessary to develop more skill 
in order to run this type of rod. We have not found the transfer to train¬ 
ing, whatever amount there may be, of sufficient value to train men with 
bare electrodes. We use the largest electrodes that the job will accommodate, 
and the various sizes that we keep in stock are: % 2 'inch, J/s-inch, 

% 6 dnch and l/ 4 -inch. The electrodes cover welding of cast iron, steel to 
cast iron, aluminum, bronzes, brasses, copper, high and low carbon steel 
and general purpose repair electrodes. Hard facing electrodes are carried 
in small quantities because of the large outlay of money necessary to stock 
them in quantity. 

Provision for Power —Power for the A. C. transformer and D. C. motor 
generator set runs to the machines on separate power lines. The A. C. 
transformer requires 220 volts, 60 amperes single-phase current while the 
D. C. set requires 220 volts 60 amperes 3-phase current. All machines in 
the shop have individual motors and if the motors are 2 horsepower or 
more, independent lines supply them. We have had to change the wiring 
in the shop completely in order to take care of additional electrical equip¬ 
ment such as the two arc welding machines, the trip hammer which has 
a 2 horsepower motor attached, the drill press, grinder and additional elec¬ 
trical tools such as the portable grinders and sander. 

Provisions for Moving Equipment—No business remains static; it either 
goes up or down, and when a business begins to expand it takes some time 
before the management realizes that a change is going on. We have made 
every effort to watch these changes and have made our equipment portable 
in order to meet one phase of expansion. We are able to move our welding 
equipment by just disconnecting the power line to the machines and pull 
them wherever we desire. Many times it is much less expensive for the 
customer to have welding equipment moved to the job instead of the job 
to the equipment. 

Water Supply, Lighting, Arrangement of Equipment, Jigs and Fixtures— 
Water supply is a necessity for any welding or auto shop not only for work 
in connection with automobiles but also in welding. Fire protection is a 
necessity as is cleaning flux from welds such as aluminum castings where 
the flux must be removed as soon as the welding job has cooled to room 
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temperature- This is done with a wire brush and warm water which is 
supplied from an automatic hot water heater. In order to have adequate 
protection from fires of which there is always a danger because of sparks and 
molten metal from welding and cutting, we have a hose and nossle next 
to the welding booth. In this way water is available at all times and all 
one has to do is to turn on or open the water valve on the line. This safety 
or fire prevention equipment, while not much, has put out 3 fires for us over 
a 3-year period which might have been serious. 

In arranging light for the shop, we have eight 100-watt overhead lights 
for general work which is readily seen and “floor lamps” and drop cords 
for tight places and work which is not readily seen. A poorly lighted shop, 
aside from natural light, can hardly be called efficient. Much time is lost and 
indirectly output goes down if adequate lighting is not available. Burden 
is always a factor in any shop and our lighting bill has been cut 21 per cent 
over the previous arrangement of four large overhead lights, “floor lamps” 
and drop cords. It is not necessary to have the overhead lights on when 
the mechanic is welding a fender or repairing a muffler or working where 
the overhead lights cannot reach. In a place of this kind a drop cord is 
used. The mechanic’s morale is also a factor and one cannot expect the 
maximum on any job if it is difficult to see because of shadows or dim light. 

The arrangement of our equipment is in terms of efficiency. The shop 
floor plan, (See Fig. 1), illustrates this point; all of our machine tools are 
located in the back half of the shop. This saves many steps and time in 
moving from one machine to another or transfering work from one machine 
to another or from machine to bench. Also all hand tools used in connection 
with the work being done are on racks on the machine or bench. The tools 
are on hand all the time and this is definitely a morale booster and an aid 
to faster output. If a mechanic finds it necessary to cover the shop looking 
tGr tools or to ask help for moving a welder, (if they were not portable), 
much time and energy would be lost in this type of non-productive activity. 
We can work faster tnd produce more in a shorter period of time and have 
better working condirfens, ar.c, consequently, higher wages just because the 
equipment and tools are arranged together for the work being done. 

Jigs and fixtures play an important part in the output of our welding 
department: not only do they help in keeping up the morale of the welding 
operator by aiding in the quick alignment of parts to be welded, but the 
saving of time which in turn keeps the cost per job at a minimum level, is 
equally important. The welding department has on hand at all times, located 
near the welding booth, different thickness of small steel plates for align¬ 
ment, heavy and light sections of angle iron for shafting, X blocks, “C” 
clamps, wedges, small “I” beams, bars, boxes of sand for annealing parts 
and various sizes of fire brick; all of which aid in faster production on the 
job and eliminate loss of time. 

Ventilation, Arc Welding Booth and Signs—The arc welding electrodes 
used in the shop are heavily coated and while the operator or mechanic 
is welding, a considerable amount of smoke and gas is given off which, if 
not carried away, would collect inside the shop and cause considerable irri¬ 
tation to the employees and customers, plus endangering their health. State 
industrial commissions are becoming aware of this hazard and although the 
American Medical Association in an article published approximately a year 
ago in “The Journal of the American Medical Association” does not say 
that any injury to one’s health has been recognised as yet from the large 
amount of dangerous nitrous oxide gas given off during the welding process, 
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Work. Turned Down Slip 
Cusfrome r John D oe_Date 


<Jofc Turned Down 

Rebuilding worn 
shafts and splines 

6 shafts 1 long 
in. diameter 


Reason 

Heed milling 
machine for cuttirjg 
splines and lathe 
not large enough 
to handle the 
work 


estimated cost of 
job 


Fiqr. 3. Sample "turn down" slip. 

we have taken no chances and have installed a ventilating fan directly above 
the arc welding table. The fan not only carries off the gas and smoke from 
welding, but helps carry off fumes from the radiator bench and soldering 
table, coal smoke from the forge and oil and exhaust fumes from the lathe 
and automobiles run in the shop. The ventilating fan is much more efficient 
if a hood surrounds it and is lower than the fan. The hood is 6 feet by 3 feet, 
the fan runs at 1800 revolutions per minute, displaces 3000 cubic feet of air 
per minute and is 16 inches in diameter. 

The arc welding booth has been enlarged from a table 3 feet square 
to a table and curtains 6 feet by 3 feet. This is a direct result of more 
welding business during the past two years, and is a means of selling welding 
because we can invite our customers into the booth and let them watch the 
welding on their equipment or parts. This is one of our best selling aids 
and will be discussed under selling welding for the service station. The 
welding table is surrounded on 3 sides by dark curtains which can be raised 
or lowered at the operator’s desire. This is definitely an improvement over 
our former booth which had curtains 5 feet high and could not be moved. 
We had considerable trouble with this arrangement in that moving auto¬ 
mobiles would catch the curtains and tear or rip them off the frame. Then, 
too, with the former method of shielding the arc booth, the curtains were 
burned badly during the numerous cutting operations that we do with oxy- 
acetylene cutting torches. Now, when arc welding is being done on the 



610 


STUDIES IN ARC WELDING 


welding table, the curtains are lowered from the ceiling of the shop to the 
point where they completely surround the welding table and no rays from 
the arc escape to cause annoyance and eye irritation from flashes. Also this 
brings down the cost of operating the welding department in that during 
the past two years we have not had to replace the curtains while with the 
former method it was necessary to replace the curtains every 6 months. 
The curtains are 4 feet high and 6 feet long. The welding table is waist 
high, has a cast iron top coated with spatter film so that spatter from weld¬ 
ing electrodes does not adhere to the plate. A ground connection is bolted 
to the table to produce a good circuit. 

Many times we find it necessary to do wielding outside of the welding 
booth and in order to avoid possible injury and flash burns from the arc 
we have had a number of signs made up which read “DANGER, DO NOT 
WATCH THE ARC' 1 . The signs are posted nearby where the welding 
is being done and so that everyone can see them before becoming curious. 
This is a customer service and protects us to a degree from liability in case 
of any serious injury or accident that may occur. 

Preheating equipment is a necessity for the shop because there are cast¬ 
ings such as face plates for clutches, aluminum outboard motor castings and 
aluminum heads which must be preheated evenly and slowly in order to 
keep them from warping during preheating, welding and cooling. The 
preheating furnace operates on city gas alone and is a definite improvement 
over our former furnace which operated on city gas and compressed air. 
With the '"new 11 furnace there are no fluctuations in the temperature during 
the preheating and cooling operations. The furnace is large enough to hold 
approximately 100 pounds of tools and the temperature is measured by a 
pyrometer. The preheating furnace is a life saver for preheating castings 
up to 100 pounds. 

Training Mechanics in Welding—In July of 1939, three of our men 
left our shop for employment in west coast shipyards. These men were 
the backbone of our welding department, and because we could not compete 
with the wages paid by the shipyards we could not hold them. Soon after¬ 
ward we advertised in newspapers in surrounding communities for three 
welders to replace the men who had left, and strange as it may seem none 
of the men who applied were able to pass vertical and overhead qualification 
tests and as a result we did not hire them. Before this time we had paid 
some attention to training welders for our shop, but not enough to keep 
a few men in the other operating units trained well enough to take over 
in case of just such an emergency. As a result of this experience, we formu¬ 
lated the basis for our training program. We do not attempt to train a 
mechanic who does not want to be a welder, primarily because no one can 
teach another person anything unless the person is willing to learn and 
is interested in the work. We have even found it necessary to train the 
men who come to us from other places even if they have been welding before 
or nave received an introduction to welding from a vocational or trade 
school. We do prefer, however, a person who has had training in the basic 
principles of welding because they are ready to advance and grasp the new 
material faster than a man with no previous training. We require certain 
qualifications for welding and they are a high school education, with courses 
in chemistry, mathematics, physics and although not required but desired, 
bookkeeping experience or a course in bookkeeping. If we hire a person 
for welding who does not meet these requirements we arrange with the local 
vocational school to give him the courses needed. Not only does this benefit 
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the employee and employer, but the country as a whole in having a person 
trained in a number of fields, which makes him a more valued employee and 
is definitely of value, toward job insurance in that the employee is harder 
to replace and he himself will find, if he so desires, future employment 
much easier. 

We have realised for the past two years that all of us will be spending 
more time in school and by this we do not mean the group from 6 to IS 
years, but all adults in order to keep up with technological, functional and 
social change. Most of our employees attend night school off and on in 
order to keep up and advance themselves. 

Training people in any field presents many problems that are dealt with 
in teacher training courses, but do not assist us to the degree that we expect. 
In solving this problem of training, we first determine what the employee 
or prospective employee already knows and can do. This is determined by 
placing him on a probationary period in all the operating units of the shop 
on the basis of no or limited training before his employment by us. If his 
mechanical ability is good, if he is co-operative, and will take and follow 
instructions, he is allowed to select his major unit of work. This probationary 
period for all new employees, if we are not familiar with their background, 
varies from 2 to 16 weeks, depending upon the employee’s advancement, 
through the operations that we require for each unit. 

The basis for our operation selection is based upon the jobs that we do 
in each operating unit of the shop. We have analysed all the jobs that we 
are able to do in each operating unit and have broken these down into the 
various operations that go to make up the job as a whole. The operations 
are then grouped according to frequency or the number of times the opera¬ 
tion is done in our shop, significance, availability and economy. The opera¬ 
tions selected on this basis are practically fool-proof in selecting the right 
operations to teach not only the portion of the trade that our shop covers 
but for the field as a whole and wherever it presents itself. 

We have never taught welding during the past two years, on the basis 
of teaching it as a trade complete within itself, but have been teaching 
welding as a part of each trade. The welding done in the auto shop is 
vastly different from the welding done in shipyards. The American Weld¬ 
ing Society has turned in this direction in an article in the November 1941 
issue of ‘'The Journal of the American Welding Society”, pages 781-783. 

After the mechanic has had his introduction to welding and he is able 
to run satisfactory beads, knows machine adjustments, and knows current 
values, he is taught the operations necessary for the welding in the shop. 
The mechanic proceeds to do operation number 1, and lists the number of 
hours that he has worked. The mechanic is issued a progress chart and 
he checks off the operations only after the welding foreman is satisfied 
that the mechanic has mastered the operation and is able to repeat the 
same operation with the same skill or quality of work on an actual job. In 
operation number 1, the mechanic will be welding ^ 6 -inch sheet steel, 
using a % 2 •'inch electrode, straight polarity, rod composition range to 40 
point carbon will contain about .07 of 1 per cent carbon and the weld¬ 
ing will be in the downhand position. In operation number 2, the 
mechanic will be welding J/g-inch steel, using straight and reverse polarity 
electrodes of % 2 dnch, J/g-inch and % 2 dnch diameter; the rod composition 
will be under 40 point carbon and the welding will be done in three posi¬ 
tions, downhand, vertical and overhead. During this operation, the mechanic J 
will do more than one operation, in fact he will do nine operations in orde 



612 


STUDIES IN ARC WELDING 


to complete operation number 2- He will be able, when finished with the 
whole operation, to weld J/g-inch steel with % 2 "* nc k ro< 3 in the three posi¬ 
tions; the same with J/gdnch and % 2 'inch electrodes. 

As the mechanic completes these operations and checks them off he is 
ready to go on to actual jobs that involve these operations. After the 
mechanic has completed all the operations on the progress chart he can 
do or qualify for 90 per cent of the welding jobs in the various operating 
units whose number is the same as the operation number. 

The welding foreman plays a very important part in the training of our 
men. He is their instructor through their entire training period and has 
the confidence of the men being trained. This is important because when 
a mechanic in training makes a mistake on the job, the foreman is there 
to correct the error and leads the mechanic to avoid errors and yet keep 
up his interest and morale. The welding mechanics go through 23 training 
operations before they are ready for all the kinds of welding in the shop. 


_jSuper Senrlce Station 
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Flgr. 4* Sample weekly slock record sheet. 
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This does not mean that a man can come to us with, no previous experience 
in welding and go through these operations one right after the other and 
come out a finished welder. All during the period of training, the mechanics 
act as helpers for the qualified welders, and in this way they gain valuable 
and necessary experience which cannot be taught otherwise. The training 
period in welding ranges from 6 months to a year and even then more 
experience is necessary in order to qualify as an A 1 welder for all the 
types and kinds of welding that come into the shop. 

All through the mechanic’s period of training, the foreman is there 
to supervise his work and show him shortcuts on many jobs. If the mechanic 
forgets or is unable to do a weld involving an operation that he has checked 
off on his progress chart, the foreman requires that the mechanic go back 
and do this operation over until there is no question about his ability 
to do the same operation on a “live” job. The men in training at all times 
receive a demonstration on the operation before they are allowed to go 
ahead and practice it. The demonstration covers the correct technique, 
proper machine settings, correct welding electrode, checking of equipment 
before welding, proper chipping procedure and related technical informa¬ 
tion about the deposited metal that is necessary to know in order to do 
the job. 

The auto shop is not in a position to furnish expensive testing equipment 
such as a guide bend testing machine and tensile testing equipment. There 
are, however, effective tests that we use and they are the face bend test 
for ductility, the root bend test for penetration and the nick break test for 
defects within the weld itself. An ordinary blacksmith’s vise is sufficiently 
strong for these tests. The qualification tests are made on ^4-inch steel 
plate, the composition of which is approximately 40 point carbon and is 
the nearest material that we can secure for the type of work in the shop. 
The test welds are made on plates 6 inches by 8 inches, beveled at 60 degrees, 
with rod si^e root opening. The root edges of the weld are ground off so 
that a blunt edge ^6 "inch is made. After the test welds have been run in 
the downhand, vertical and overhead positions only with % 2 dnch reversed 
polarity rods, the test specimens are cut out of the center of the plates to 
the dimensions of IV 2 inches by 6 inches. The beads are then ground off 
flush with the base metal and the backing strip is machined off flush. The 
specimens are then bent through 180 degrees or a U using both the face 
bend test and the root bend test. No cracks or undercutting are allowed. 
For the nick break test, we use the portions of the plates left over after 
cutting out the first two test specimens. 

If the mechanic or potential employee, (depending upon his past ex¬ 
perience), fails to pass these tests he is given time to go back and practice 
and the foreman points out his mistakes. This second try is allowed because 
experienced welders have the tendency to get “buck fever ’ when asked 
to make a test weld. 

After the mechanic has finished the first four operations, he is given 
a text book on the metallurgy of iron and steel. This material deals with 
the freezing of solutions and generally what takes place in the metal during 
the molten, freezing and solid states. After a period of time, depending 
upon the mechanic's ability, we give him an oral test on this material. If 
he does not pass the test to our satisfaction, he is required to study until 
he does. Much of the discussion during the monthly meetings of our em¬ 
ployees is on just this sort of thing and these meetings and discussions 
as t 4 P e p” meetings for the men having difficulty with material. 
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With this information, the mechanic can foresee and determine the 
proper welding procedure and technique and is in a position to intelligently 
answer questions from men in authority for whom we do welding. It 
creates a very favorable impression and definitely sells our customers on 
our organisation for welding. 

In determining the proper joint design to use on our welding jobs and 
construction work, we follow the “Procedure Hand Book of Arc Welding 
Design and Practice”, the material or information which comes under the 
section on “Procedures, Speeds and Costs” which include electrode sizes, 
amperes and volts to use and amount of rod deposited per foot of weld. 
We follow this material because of the wide variation in joint design and 
other information concerning welding. We in welding are feeling the 
“growing pains” that welding as a whole is now experiencing. 

The foregoing on training mechanics in welding may seem long and 
involved, but we deem it necessary because we cannot hope to qualify 
as an Al shop unless we know exactly what our men can do in this field, 
and in the last analysis, it is the shop reputation that goes a long way in 
selling the product. We no longer believe any mechanic or welder who 
comes to us and states that he is a welder. We find out just what he can 
do by running him through the various training operations and, strange 
as it may seem, seven out of eight w<elders who came to us for employment 
during 1941 failed miserably for our work. The cost to us to train a 
mechanic in wielding who has had no previous experience amounts to $236.75. 
Not a small amount for any shop, but a very profitable investment. The 
average cost for men wfith welding experience amounts to $123.40. These 
are average costs and are not to be taken as the amount that it will actually 
cost within a few* cents. 

Two men who have left our employment have had no difficulty in 
qualifying for submarine welding. They left the shop in 1941 primarily 
because we could not meet the wages paid by companies with government 
work. When our men are able to secure employment on probably the 
most exacting type of arc welding, we are not wrong in our training pro- 
gram. It is our best insurance against poor workmanship and loss of our 
shop reputation. Since the start of our training program in the latter part 
of 1939 and beginning of 1940, we have had just three welding jobs that 
were not entirely satisfactory, and the reason for this was as much the 
fault of the customer as our own. 

Progress and change are the life of any business and in order to encourage 
interest and development in the welding department and all other depart- 
meats, we have what we call our “Profit Development Plan”. The purpose 
of the plan is to pay the mechanics the profit that is realized on new methods 
and developments that they suggest and put into operation. If a person has 
something to work for he tends to work harder, his interest in his work 
becomes intense and he learns much faster. The plan is not difficult to 
put into operation; an example of its operation is as follows: 

In September of 1941 one of our welding mechanics suggested that 
we change hard-facing rods from the tungsten carbide rod to one having 
a cobalt base. The cost to us -with the tungsten carbide rod amounted to 
$5.50 per pound while the cobalt base rod amounted to $4 per pound; 
this w r as not the only factor however in adopting the latter rod. The amount 
of time to apply the rod was the same, the amount of rod used was prac¬ 
tically the same and after having the application tested in actual plowing 
and road grading, the life and service of the latter rod was longer by 25 
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per cent because of its toughness over the extreme hardness of the tungsten 
carbide rod. The plan was adopted and the profit of the first job which 
was $5 was paid to the mechanic. The job and application was listed in our 
profit development file cabinet under hard-facing. During the past two 
years, we have changed our profit development plan from just paying the 
mechanic the profit on the new methods that he introduces, by paying 
or giving him a raise and the profit on each development after he has 
developed five new methods or has improved and increased the profits to 
the shop. The file is checked over monthly and the raise in wages is auto¬ 
matic. The plan provides a check-up on the mechanic’s ability 7 , develop¬ 
ment and progress, plus giving the shop an overview of welding possi¬ 
bilities. No one loses, the shop and the mechanic gain and harmony is 
produced between employer and employee. All developments are discussed 
among the manager, foreman of the welding department and mechanic. 

Selling Arc Welding for the Service Station—Every sale made in or 
out of the shop takes into consideration three principles regarding the cus¬ 
tomer and the shop. They are: The way to sell any product is to develop 
sound business policies. The customer is to be sold something to his advan¬ 
tage, and the selling process must be a live honest transaction. Alone, these 
principles governing a sale, do not suffice. The shop appearance is also 
a determining factor. During the course of our 8-hour working days or 



616 


STUDIES IN ARC WELDING 


40hour work weeks, there are always a few minutes or half an hour during 
the day when a mechanic has “time on his hands . During these times our 
mechanics clean up their units and help clean up other operating units. The 
floor is swept, the tools are repaired or cleaned, painting on places where 
no one is liable to come in contact is done, walls are touched up, and general 
clean up work is taken care of. In this way, the shop is always neat, makes 
a good impression on our customers and produces better working conditions. 

Our arc and acetylene welding equipment is. cleaned monthly. The 
interior of the arc welders is cleaned of dust and dirt with the air gun, also 
cable connections are checked, and the electrode holder jaws are removed 
and cleaned of all spatter and foreign material. This policy of cleaning 
the equipment and shop so that at all times everything is clean and neat 
is one of our best selling aids. 

Whenever the opportunity presents itself, we invite our customers 
into the arc welding booth and allow them to watch the welding on their 
own material and parts. This is definitely a selling aid in that it creates 
in the customer’s mind, confidence in the shop and welding, primarily 
because he saw us do the work, the welding process was described to him 
while it was actually being done and the customer usually goes away with 
something new to him. This also helps to hold the customer to our shop, 
because at times they will shop around in other welding shops and if the 
method of welding differs from our method they will ask about it and 
compare it with our methods and as a result if the work being done for 
them in another shop is not explained, and is not as neat as our work, 
we have a steady customer. 

In order to know and keep track of our customers, we have, during 
the past two years, enlarged and changed our customer filing cabinet. 
Formerly the customer cards listed the customers name, the job and date, 
and the price of the job. Today, the customer cards list the customer’s 
name, a detailed explanation of the job if over $3.00, the date and time 
required to do the job, material used, amount and price, (See Fig. 2). The 
cards are 5 inches by 7 inches. This is a consolidation with our customer 
job filing cabinet which will be discussed under pricing under accounting. 

The operation of the customer file is simple. We have listed all of 
our customers alphabetically, and the welding work they have had done 
at the shop on the customer and “job filing” cards. Above the customers 
name is placed the job number which in this case is number 32 which is 
for fishplating truck frames. We have listed the names and numbers of 
the jobs that we do in the shop. If at any time we want to look up a 
job, all we have to do is look up the job number and go through the filing 
cabinet and pick out all the cards with the job number attached and we 
have the history, price and material used on the job. This is an effective 
method of checking on our work, getting in touch with customers who 
have not brought work to the shop for some time and it also acts as 
a stabiliser for our output of work, because we known from the cards the 
amount of work each customer usually has and how often he brings work 
to the shop. The cards are also an effective aid in pricing work and will 
be discussed under pricing under accounting. 

As a rule, three days after a welding job has left the shop, we send 
the customer a double mailing post card and on this card we ask him if 
the job is satisfactory, if he is satisfied and if not, what complaint he has 
to make. When a card comes back with a complaint that is fair and just, 
we file it with the customer’s card and then send him a letter giving a 
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credit on his next job brought to the shop. These double-mailing post cards 
are mailed only on jobs that amount to $3 or more and mailing also 
depends upon the customer. This check-up has increased our business con¬ 
siderably during the past two years and has built up good will throughout 
our business territory, plus giving us a check-up on our work. Then, too, 
these cards block to quite a degree customer complaints. Since December 
31, 1939 our welding business has increased 68 per cent and over a three-year 
period beginning December 31, 1938, 104 per cent. We attribute this to 
changes and progress in our work and methods of doing business, plus 
the constant check that we keep on our customers. 



Fig. 6. Sample- requisition blank. 


We have tried various methods of selling and advertising our shop for 
welding and other work. We have dropped using, as a means of selling our 
products, theater slides and short, post-card advertising, hand bills and 
pamphlets for types of work, and radio advertising primarily because we 
derive very little business from this type of advertising. We are now con¬ 
centrating on personal selling by making calls on our old and new customers. 
Our employees do considerable personal selling for us while off duty, 
primarily because whenever a new development is adopted or we start 
welding materials and parts not welded before by the shop, we make them 
acquainted with the process and if a discussion or a job comes their way 
while off duty, they immediately use their knowledge of the shop services 
to sell the person involved to have our shop do the work. 
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During slow periods in the shop, which come every January, February 
and first part of March, we are busy calling on our customers in the country 
and surrounding communities, collecting plow shares to be sharpened and 
pointed, mold boards that need patching, blocks and heads that have been 
injured by freezing and general work in order to keep our men employed. 
If we personally are not able to do this pick-up work, we send out our 
welders who are personally acquainted with our customers. This method 
of selling brings results; our ^welders have picked up on these personal selling 
trips as much as $75 worth of welding in a single day. The business is 
there and all one has to do is to go after it. During these selling trips we 
also act as a pick-up and delivery service for farmers who need food, parts 
or material from the city. We are going to be handicapped considerably 
and will probably lose our best selling aid for the duration of the war because 
of tire rationing. The pick-up-and-delivery service during the slow months 
of the shop was started in January 1940 and was so successful that we have 
used it the year around as much as possible. Even now, when we have had 
to cut down considerably on this service, our rural customers call the shop 
and ask when we are coming out their way and if we would bring parts 
or food to them. 

For advertising the shop and the kinds of work that we do, we have 
three billboards on the main highways leading into the city. These signs 
acquaint prospective buyers with our complete service in auto repairing, 
welding and w 7 ork. Besides this, we have a sign of the same color and 
lettering as those on the highways above the main doors of the shop 
to attract business, describe our service and establish our location. 

We are not letting our selling methods down one bit, even though 
we are not able to do the things possible in 1940 and 1941, primarily 
because we will probably need considerable former business that we have 
had to let go because of national defense, which comes first in all con¬ 
siderations. 

Research —Research or constant study is a definite requirement of the 
garage or service station. New developments and change go together. We 
of the auto shop are constantly studying new developments and trends 
which affect or will affect business and business possibilities, trends in 
repairing, changes and trends which will affect our administration of the 
business, percentages of total investments of new equipment, local trade 
opportunities, changes in methods of payments on new or used equipment, 
new welding techniques and new equipment and its usefulness to us. We 
are constantly watching developments which will affect business and our 
business in particular. Changes and progress in this field are definitely with 
the individual owner and the methods that we use to determine our 
business policies will be explained below. 

When we discover that the shop is losing business because of insufficient 
equipment, we immediately determine how much business or work this 
field alone will bring in and hove much work it will bring in, in connection 
with other equipment in the shop. This is determined from our “turn 
down’* slips which are filed on an ordinary spindle. We have turned down 
during the past two years 54 jobs in which machine work and welding 
were required to complete the job. This indicates that we could have profited 
nicely by having a milling machine, shaper and lathe with a 24 inch swing 
and 16 foot bed. Our source of information is always available in the shop 
because whenever a job is turned down because of lack of necessary equip¬ 
ment or because we were too busy to handle it, the operating unit foreman 
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turns in a turn down” slip to the office on which is listed the job turned 
down, the machine tools or equipment necessary to do the job and material 
needed. If we were too busy to do the job, the foreman writes "too busy” 
on the card and lists the job and customer’s name, (See Fig. 3). The slip 
is then placed on the spindle for future reference. 

Every three to six months we make a survey of the slips and if we End 
the amount of work turned down and the possibility of getting more work 
of the same type is good, we purchase the necessary equipment and hire 
additional personnel if necessary to do the work. This depends upon the 
cost of the equipment, its period of usefulness over a period of years and 
model in terms of possible change. 

The business possibilities of new equipment are deter m ined by surveying 
local industry and industry within a 25-mile radius of our shop. A few 
questions that we take into consideration are: Are our hand and machine 
tools adequate to handle additional work? Is the shop large enough or 
is there a possibility of building expansion? What can we do to build up 
a business in this line of work? What have we done in the past in new 
fields? Are we losing business because of lack of this equipment? Have 
we the personnel necessary to operate this phase of work? Have we the 
necessary finances to purchase the equipment or can w ? e buy it on time? 
Straight thinking is a necessity, because if there is just an occasional demand 
for the equipment it would be better not to purchase and install it. Taking 
arc welding as a unit, it is easy to see that welding is definitely a standardized 
method of repair and construction and much more welding will be done in 
the future than has been done in the past. Then, too, the presence of 
the equipment attracts business and customers talk and indirectly sell the 
new field of work. 

We have, for the past five years and more so at present, kept a job 
filing cabinet independent of the recent customer listing and job filing 
cabinet listed under selling. Into this cabinet goes literature pertaining 
to welding and applications of arc welding, new developments and new 
techniques in the welding field. Today, when the mechanics or welders 
read the trade magazines that we as a shop subscribe to, and find informa¬ 
tion that will be helpful in the future, the article is cut out and filed for 
future reference. It is impossible to remember all of this information, 
hence, when information is needed all the welders or foremen have to do 
is go to the job filing cabinet and pick out the information which is listed 
in alphabetical order under job headings. We continue to do research in 
all of our operating units and many new developments and applications are 
to be had by doing just this sort of thing. Progress is definitely a result 
of research. 

Accounting—We have divided accounting into three parts which are: 
buying, pricing and records. Although buying and pricing are not directly 
connected with accounting except for listing or keeping tract of the account, 
they are listed here grouping them under "what books to keep and why”. 
The buying for each operating unit is taken care of by the foreman of each 
unit or department as are the inventory controls. We keep a running stock 
record of each department which is checked daily and weekly. A sample 
inventory card is shown in Fig. 4. 

In the welding department, whenever a welder or mechanic needs sup¬ 
plies, he makes out a "bin tag”, (See Fig. 5). On this tag goes the material 
taken from the stock room, and the amount. When the welder returns 
material left over from doing a job he records the amount of material 
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Coat Record Card 

Super Service 

Job Job No. 

■tfelaor Date 19 


Them 

Amount 

Cost 


Direct Material 

Steal plate 

Welding rods 

Direct Labor 

Ho- of hours doing 
job 

Hourly Overhead Cost 
(Inc lud ing ind ire c t 
labor) 

Profit 

i 


Total Cost 


Fig, 7. Sample cost record card. 


returned on the same “bin tag” and totals the amounts taken and returned. 
These tags are checked daily and at the end of the week the total remaining 
supplies are listed on the weekly stock record sheet or inventory sheet. 

When the welding foreman checks the “bin tags” and weekly stock 
record sheet, he can immediately see whether or not the supply is low, 
adequate or that we need to order supplies. He then makes out a “requish 
tion”, (See Fig. 6), which is handed into the office. The manager checks 
the material and either approves or rejects the requisition. If approved, a 
purchase order is made out and mailed. The purchase order and original or 
office copy of the requisition is filed and one copy of the requisition stays 
on the order spindle in the office and the other copy, (requisitions are made 
out in triplet form), goes back to the unit or department foreman so that 
he knows that the supplies have been ordered. 

When the material is received, the foreman checks it for price, contents 
and weight. The foreman then returns his requisition to the office with his 
signature stating that the order of supplies has been received in good order 
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and that price and contents .are correct. The account is then listed in the 
journal and ledger and also in the ledger of the welding department under 
ledger headings for that purpose. With the welding ledger, the welding 
foreman knows exactly what has been paid out for his department and at 
the end of every month welding sales are listed in the ledger, the ledger is 
balanced and the profit for the month made known and checked with the 
ledger in the office. 

This inventory and buying system gives us an adequate stock at ail times. 
We do not tend to overstock or understock but keep adequate supplies on 
hand at all times for our needs. If a requisition is checked for capital equip" 
ment, a conference is held between the foreman and manager or owner. 
Every piece of new equipment bought is discussed and checked with the 
“turn down slips” before the requisition is allowed to go through. As a 
result, we have practically no material or equipment that is not an asset 
to the department. 

Pricing Work—The general opinion among proprietors of commercial 
welding shops and service stations that have welding as a unit, is that the 
general prices charged for welding are too low and there is too much price 
cutting. In setting up our hourly charge for welding and other work, we 
have grouped our overhead expense into one lump sum per year. This 
amount is then divided by 12 to arrive at the monthly overhead charge, 
and then by the number of hours or working hours in the month, to arrive 
at the hourly overhead charge for the shop as a whole. The overhead con" 
sists of all material and activity connected with the shop that is necessary 
to operate the business which includes assets fixed, current and miscellaneous, 
liabilities fixed, current reserves and net worth and revenue accounts plus 
direct labor, direct material and shop operating or production expense. The 
problem is to distribute this burden or expense so that each unit shall bear 
its own share. This is not easily accomplished with accuracy. We have made 
approximations which are sufficiently accurate for our use. 

The divisions of our cost accounting or cost finding system are direct 
material, direct labor and shop expense. Our profit is somewhat arbitrarily 
fixed but is closely connected with the volume of business transacted. The 
profit on all jobs is based upon the selling price whatever it may be and this 
is based upon total cost. 

We have found the daily overhead expense of operating the shop and 
this amount is then divided by six to determine the hourly overhead charge. 
Although we work eight hours per day, it is impossible to produce a full 
8'hour work day because of time lost in changing from one job to another 
and short periods of inactivity waiting for the job to come into the shop. This 
hourly charged amount is in addition to direct labor, direct material and 
shop profit. 

Pricing work in advance of doing the job is at best an intelligent guess. 
In order to arrive at a rather accurate price we use our customer listing and 
job filing cabinet constantly. A card, (See Fig. 2), has been made out for 
every type of job that we have done and some that we have not done, but 
have received from other shops. The cost information such as direct labor, 
direct material and shop expense are not listed on the “'customer listing” 
and “job filing” cards because we are constantly showing these cards to 
customers for prices on jobs. A separate “job cost record card” is kept on 
which is listed the divisions of our cost system and the cost to us, (See 
Fig.7). 

When a job comes into the shop and the price is requested by the 
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customer, the foreman goes to the job number sheet, finds a similar job 
number and goes through the customer listing and job filing cabinet and 
immediately has the price, material and labor that go into the job. If we 
make a mistake or incorrect charge on a welding job, we change the customer 
listing and job filing card to show the true cost of the job. This information 
is always available from the “cost record’’ cards. 

If a job comes in for which we have no “cost card” and "‘‘'customer 
listing” and “job filing” card, and the customer wants an exact price, the 
foreman measures the length of the welds to be made, estimates the material 
to be used and secures its weight, if steel from our steel suppliers catalog 
He then estimates the amount of welding electrodes to be used by referring 
to “The Procedure Handbook of Arc Welding Design and Practice” under 
the section on “Procedures, Speeds and Costs”. The amount of labor 
necessary to do the job Is estimated from past experience, the current to be 
used in welding and the overhead charge per hour is added. This informa¬ 
tion is then totaled on a “shop tag”, (See Fig. 8), and the shop profit is 
added to give the selling price of the job. Accurate information on all items 
of cost is absolutely necessary in order to make the correct charge. With 
this method, we have made very few mistakes and have had very few jobs 
that do not show a profit, and we can depend upon the foreman to know 
the items of cost going into the job. 

When the price has been given the job is tagged with a “shop tag”, 



Job Tag; 


^Same Data 

1 SL\ 


Material Used 

Amount 

Coat. 

Welding Rad 



Steel 



Flux 



Oxygen 



Acetylene 



Preheating Fuel 



Gasoline 



labor Charge 



Electricity 



Remarksr 




Total-Charge for .job 

Fig-. 8. Sample shop job tag card. 
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(See Fig- 8), and the necessary information is listed when the job is finished. 
The welding foreman or welder takes the tag to the office where a sales slip 
is made out. When the customer pays for the job, the sales slip is marked 
paid and if a question is raised about the price of the job, the “job tag” is 
there to give the necessary information. If the individual is a new customer, 
his name and job is listed in the "customer listing and job filing” cabinet, 
and the job is given a job number or if the job is new to us the job is given 
a new job number and the job and number are listed on the “job number 
sheet . A cost record is made out on the job and the profit is determined. 
The account is listed in the “daily journal” and in the ledger or book of 
subsequent entry. 

Records ( WTiat Books to Keep and Why)—The main purpose of any 
business is to make a profit for the proprietor, and the record to determine 
this profit is bookkeeping or accounting. Since accounting follows a rather 
set pattern of rules, the make-up of the books and their development of 
the account will not be discussed. The accounting system is designed 
to express the actual condition of the business and changes that take place 
in the owner's or proprietor's interest. Since welding is a unit of the shop, 
the discussion here will be on the records or books used in connection 
with welding as it fits into the service station accounting system. The 
main source of information on business conditions of the shop is revealed 
by the “main journal” or “journal of original entry”. Into this journal 
goes the explanation of the account under the account titles for each 
entry. Since accounting is the process of recording the financial history 
of the service station, a great deal of care must be exercised for sufficient 
explanation of each account so that its full history can be understood. Fig. 9 
is a sample journal of original entry sheet and illustrates the point. 

Just recently we have found it necessary to open a cash book in addition 
to the journal of original entry and ledgers. This has been necessary because 
of increased business activity and because we were beginning to have 
difficulty in securing this information from the journal because of the time 
involved. The cash book gives us information on all transactions that 
increase or decrease the supply of cash on hand. 

Since it is almost impossible to pick out from the “journal of original 
entry” all the transactions that affect one phase of the business, it becomes 
necessary to group accounts as a classified record of the total changes in 
accounts. These requirements are met in the ledger, (standard), which is 
identified as the “book of subsequent entry”. A separate page is given each 
account in the ledger, and all pages are identical and are identified with the 
same number as in the folio column in the journal, (See Fig. 9), under ledger 
reference. The accounts in the standard ledger are listed under the headings 
of debits and credits. The method of balancing the accounts consists of 
adding up the debits and credits, determining the difference between them 
and adding this amount to the smaller side to balance. The credits and 
debits are then listed under their respective headings on the “trial balance 
sheet” which is prepared monthly, added up and the total debit balance must 
equal the total credit balances. This is nothing more than proving the 
accuracy of the accounting records. 

The cash book is balanced and checked daily while the ledger and 
journal are balanced monthly. At the close of each month, the bills of the 
shop- are taken care of, and monthly statements are sent out; - 

Our accounting system, is our most valuable aid in completely analysing 
the financial structure of our'Service station. Although routine is of the 
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December 


Purchases Merchandise 
Cash 

Tom __Company 

>Oir Ho .. 5 Welding Electrodes 

Pure ha s e lie rchand is e 
Cash 

Fro m---- '• _Company 

250 Amp,► AJ3- Welder 



3 $255j.oo 

2 00 

I 


Sales Merchandise 

Mr-____ 

Auto parts sold to him on 
terv.s 12/4/Ul 

12 

_Welding Supply 

Company 

Cash 

Met Worth 

For payment of invoices on 
December 6, less 2% 

12 

Merchandise Salses 

Mr- ____ 

Weldin d job and material 
12/12/41 

20 

Net Worth 
Cash 

For payment of wagea to date 


8 

7 


2 

Q 


8 

5 


9 

2 


.00 


00 


.00 


$3joo 


.00 


$100400 

$100 00 


►00 


Flgr. 9. Sample journal of original entry sheet. 


utmost importance, there is no substitute for it and it does not become a 
burden^ when one realizes that the accounting must be kept up and that it 
is the governor of the business. We are going through a considerable 
usiness enlargement which will necessitate change in our accounting system. 
However the underlying principles are the same for a small or large bush 
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ness, hence our accounting system will be just enlarged from what we 
now have. 

Personnel —Our personnel department consists of a filing cabinet for 
employ** 161 ^ application blanks, qualifications for the operating units, wages, 
advancement- levels, positive outline of job limits and shop placement of 
employees in operating units or jobs for which they are best fitted. We 
have changed our employment application blanks during the past two years 
to give us information governing the prospective employee’s place in civilian 
life, (See employment application blank, Fig. 10). We are interested in our 
employee’s background from all angles so that we are reasonably sure that 
if employed by us, the employee will adequately handle the work and be 
an asset to the shop. 

When a person applies for a job in the garage whether personally or by 
letter we give or send him an application blank. When the blank is returned, 
we contact his former employer and other references for additional informa' 
tion on his work and social life. When this material comes in, we file it with 

Last Name First Name Middle I Tame Where do you live now? 

_ Farm or place under 

Home Address Telephone No* 2^00_ 

Horae address if different from local_ Place of 2 . 5 OQ or more 

Name and address of employment service registeredRace add sex, marital 

with __ male Female status 

City County State W hite_Single 

Age last Eirthday_Negro_Harried 

Date of birth_other_ 

Nationality of father_Mothe r _ 

Social Social Security No*._;_Have you a copy of your 

bitth certificate_Draft calssification_ 

If of foreign birth, answer the following? Kov; long have you lived in 
the United States_Years* Are you a naturalised citizen? 

■ _If naturalized,, what is your certificate number?_ 

vfhat court issued your certificate?._ 

Give date on which issued_Give name of court_ 


Educational Record 

In elementary and secondary school 1* 2 5 4 3 6 7 8 9 10 11 1 2 . 

Have you attended a trade or vocational school?_._ 

If so give the anme of ,the school_ 

Number of months afiflended school._ 

Name of vocation for which trained_ 

Date left_Did you take chemistry ©retaining to materials? 

___If not did you take any chemisiri'?_kind_ 

Did you take physics?_Shop Mathematics?__ 

Bookkeeping? _What line of work are you interested in?_ 

Would you consent to having us place you in a different line" of work if 
we see fit to do so?_ 


Employment He cord 

If now employed give details below on your 


By whom employeed Address 

Length of time employed K ind of employment_ 

Wages? P e r G ive the names of two additional 

references, prefe.able on educational reference_ 


Additional information and employment may be written on the other side 
of this sheet* 

Fig-. 10. Sample employment application blank. 
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the application blank and if favorable, we contact the prospective employee. 
We find it essentially necessary to learn everything about our employees 
possible that will assist us in placing them in the right job, and to bring 
to a minim um misplacement of men who do not fit and avoid hiring people 
whose background of training is good but whose work habits are not the 
best for employment. We are interested only in information concerning the 
employee’s work and work habits. All other information is strictly the 
employee’s own personal business and does not concern us. 

If the applicant is hired, he is put to work in his own field if experienced, 
and if not, he is put to work wherever help is needed and allowed to select 
the unit or field of work in which he is interested. Employees with no past 
experience receive $16 per week for the first three months, $18 per week 
for the second three months and then $20 per week until the employee 
warrants a raise. Men with experience receive $25 per week for the first 
month and from there the mechanic is paid above $25 on the basis of 
productivity. This information is gained from the sales slips. 

We prefer people with a high school education or with vocational 
school training. Although this is not a requirement, it is highly desirable 
and we select our employees with this background over those without it. All 
foremen must have a high school education or vocational school training 
and three years’ trade experience as a minimum. Their salary ranges from 
$30 to $38 per week. 

We have found that many men fail because of not having the opportunity 
to advance. In order to allow advancement we have set up positive outlines 
of job limits. At any time an employee has the privilege of going to the 
manager and stating his case for advancement, and if good he is given time 
to prove that he can produce and show a profit. If he is successful, he is 
advanced to assist the foreman and to take over for him when absent. In 
addition he is given a $3 weekly raise. The information on the mechanic’s 
ability to produce is gained from observing the employee, the sales slips 
and unit ledgers. Two of our employees have advanced to become assistant 
foreman during the past two years and have done an excellent job. We do 
not wish to hold anyone down and by allowing this advancement the unit 
foreman is always on guard to see that he knows his job. 

Applicants for welding must have a high school education or have 
completed courses in chemistry pertaining to materials, physics and shop 
mathematics. The prospective employee must show interest in welding and 
this is brought out during the interview. Very often we place our employees 
in other units of work so that they may be able to assist in these units when 
work in their major unit is slow', or when we experience or have a rush 
period of work in other units. 

Many men are able and qualified to handle bigger jobs than they now 
hold. We endeavor at all times to give our men the opportunity to take 
over a job about which they are doubtful in order to show them that they 
are capable of a more responsible job. This is allowed after they have 
discussed the procedure with the foreman. The main purposes of the 
shop personnel department are to place the right man in the right job, pay 
the right wages and provide opportunities for advancement. 

Conclusion—In this analysis, we have given the organisation of the 
service station and its advancement or progress during the past two years. 
There remains much to be done and we have endeavored to point out the 
operating units and the necessary activity to operate the business. We feel 
that welding has been launched as a new tool for progress. 



Chapter III—Straight Line Mass Production Methods Speed the 

Defense Program 

By George F. Wolfe, 

Chief Plant Engineer, Engineering Works Division, Dravo Corporation, Island. 

Pittsburgh, Pa . 

Subject Matter: Assembly line method used for the production 
of submarine chasers and other vessels. Large sections cl" the 
hulls are prefabricated by welding. The partly completed vessels 
are assembled side by side in a line. The vessel in the 

launching ways is launched sideways and the vessel next in line 
is moved into its place by transfer carriages. Throughout the 
plant every effort is made to secure positional welding- Jigs are 
used for the assembly of sections. In applying stiffening members 
to plating a traveling head moves over a loose assembly and 
bolds members in place for welding. Large bending machines 
are used to bend plates to various angles. A reduction in weld¬ 
ing time and improvement of weld is noted. Savings have been 
definitely established. 

Foreword—The definition of a “Plant Weldery 11 as that part of a plant 
supplying welded parts for the rest of the plant must be given a rather wide 
interpretation. A few years ago “Plant Welderies 11 were small departments 
tucked away in some obscure corner so they would not interfere with the 
main operations of the average industry. This is no longer the case as the 
phenomenal advancement of welding has burst these bonds of restraint and 
today we have gone all out for welding and have developed what may 7 prop' 
erly be termed “Welding Plants 1 ’. 

This is not a paper on shipbuilding. It deals with an original and unique 
method of manufacturing which can be used to cover a wide range of 
welded products and its use is peculiarly adapted only to welding- The 
description of ships and shipbuilding included herein constitutes only 7 one 
possible application of this method. 



George F. Wolfe 



1. Submarine Chaser PC-490 was the first all welded sea-going fighting vessel to 
be launched from a production assembly line. 
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BARGE ASS EM SLY SHOP 

UNDERCOVER ASSEMBLY OR BARGES 



Fig. 2. Final erection oi subchasers on new outdoor assembly line permitted ma ximum 
production proportionate to launching way space required. 


Straight Line Mass Production Methods Speed the Defense Program— 
Shortly after noon on October 18, 1941, amid the applause of thousands of 
spectators and the whistled salutes of river craft, submarine chaser PC-490 
slid smoothly from the launching ways, (See Fig. 1), and floated gracefully 
on the placid surface of the Ohio River. For the first time since the War of 
1812 a sea-going Navy fighting vessel had been launched at an inland river 
shipyard. 

That was the making of history from the angle of the news reporter, but 
more important to industry, and to the welding industry in particular, are 
the developments which preceded this launching and which have permitted 
the launching of subsequent vessels from the same ways at unusually frequent 
intervals ever since as part of a program which can continue as long as the 
present national crisis demands. 

Long Defore the troubled murmurings of a world in turmoil reached the 
upper waters of the Ohio River the operators of this shipyard had recog¬ 
nised the inevitable growth of welding and had done considerable about it. 
In the so called old days, and at that only ten years ago, this was a plant 
almost entirely given over to riveting. At that time no attempt was made by 
the operating force to develop riveting guns as the market was well supplied 
- r the manufacturers of such equipment. Likewise with the swing over to 
welding, it was felt that there would be an ample source of supply for weld- 
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her of vessels have been placed in service at three yards located at 
burgh, Pa., Wilmington, Del. and Stockton, Cal. 

With the introduction of Navy vessels into an inland shipyard there was 
also introduced the problem of continued production of river craft of almost 
equal importance to meet the demand for the transporation of oil, coal and 
other materials needed in connection with the same defense program. The 
launching ways at the Neville Island Plant in the Pittsburgh district are 
of the side launching type with the total length of available ways definitely 
restricted due to property limits and existing structures. The usual type of 
river craft is of a fairly simple structure and can be assembled in a few 
weeks, but the Navy vessels, being of a much more complex structure, 
usually require several months in the erection berth before they are ready to 
launch. 



Rg. 3. The transfer carriages, equipped with hydraulic jacks, permit the movement of 
any size vessel on the production assembly line. 










Fig. 4. The combination of two whirler cranes with fairly simple rigging permitted the 
turning over of large irregular preassemblies. 

Reference to the sketch shown in Fig. 2 wall show the location of the 
assembly line that was built in the summer of 1941 at Neville Island as a 
solution to this first problem of additional w T ay space without the sacrifice 
of too much of the productive area. Three lines of transfer tracks were 
built between the existing indoor assembly plant and the sloping launching 
ways. As you will note from the sketch, this space permits the location of 
four vessels in line while the transfer track system provided for the move' 
ment of the vessels progressively forward from position No. 1 to position 
No. 4 from which they are launched. 

The movement of the vessels in their various stages of completion is 
accomplished by means of a number of four wheel carriages equipped with 
hydraulic jacks, (See Fig. 3). These carriages, of 120 tons capacity each, 
have the jacks built in at each corner and are operated by a hand pump 
which controls all four jacks. The pressure system is supplied with a gauge 
which is used to equalize the load on the several carriages so that the ship 
will not be subjected to undue strains. The wheels, which are roller bearing 
equipped, are of solid steel IS inches in diameter by 4^2inches thick and 
run on tracks consisting of a six inch channel with flanges up welded to the 
top flange of 24 inch I-beams resting on concrete piers. At the point of 
cross-over with the whirler crane track removable sections are used for the 
transfer tracks to provide for unobstructed crane operation except at the 
time of transfer of the vessel across the crane track. 

The space provided by this new assembly line was not sufficient in itself 
to make full provision to meet the requirements of the delivery schedule 
set up. Before any erection was started in position No. 1 the entire hull of 
these vessels, with the exception of that section comprising the engine room, 
was erected in an upside down position elsewhere in the yard in the location 
shown in Fig. 2. Structural steel jigs, resting on concrete foundations, were 
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provided for this preliminary assembly. These jigs were of a fairly simple 
nature due to the inverted position of the ship as it was only necessary for 
them to conform to the almost flat deck surface. 

The preassembly area described above was in turn likewise provided with 
subassemblies built up elsewhere. A platen located near the upside down 
assembly site served for the assembly of all frames before their entry into the 
larger units. All bulkheads were assembled on flat steel floors located in the 
main structural shop before being brought to the erection site. Since it is 
not the purpose of this paper to enter into a discussion of welding technique 
we will not go into the details of the welding of these bulkheads except suffi- 
ciently to point out the need of proper equipment for work of this nature. 

The bulkheads entering into these vessels were of light gauge plate with 
tee stiffeners at frequent intervals. The result of the combination of consider¬ 
able welding with light steel was unusual distortion which had to be kept 
out or removed later with great expense and delay. After many experiments 
the method adopted was to first weld the joints of the individual plates and 
then tack the entire plate assembly securely to a flat steel floor before the 
addition of the stiffeners. A half inch bow was put in the stiffeners so that 
when they were forced down to the plate and tacked, the contact edges were 
in compression, thus offsetting the normal bowing from the subsequent weld¬ 
ing. Welding of the stiffeners was then completed and the few resultant 
buckles were removed by the spot heat and water quench method. 

Since the main hull sections were built in jigs in an upside down position, 
their transportation to the erection site in position No. 1 on the assembly 
line and the turning over of these sections had to be given careful study. 
The transportation problem was easily solved as several gantry cranes were 
available so the turning over of these large irregular pieces became the major 
problem. As the general cross section of the hull, and particularly that of 
the bow section, approached a triangle, the center of gravity lay quite out' 
side the center of rotation as the section would be rotated, so that critical 



Tig. 5. Production line methods utilize large areas lor erection quite remote from die 
actual launching ways where space is at a premium. 
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Fig. 6. These graphs show a comparison of the cost of the various operations in the shop 
fabrication of steel for a coal barge. In the case of the welded barge, fitting and welding, 
totalling alm ost 70 per cent of the work require large floor areas but reduce final erection 

time and expense. 

positions would be encountered in the turning operation. Model tests were 
made to determine these critical points and it was decided that the turning 
operation should be accomplished with block and tackle in order that hauling 
and snubbing would be coordinated. 

References to the photograph in Fig. 4 will show this turning rig which 
consisted of an equalizing beam fitted with shackles and : a pair of 30inch 
diameter sheaves.* One inch diameter wfire rope slings were fitted around 
the hull sections and passed over the sheaves. A belt of wooden planks, 
three frame spaces wide, held together by means of a %-inch diameter wire 
rope strung through them, then tightened around the hull section by means 
of a turnbuckle, was placed between the slings and the hull for protection. 
A gunwale protecting timber was also fitted in way of the turning cables and 
the hull w-as shored internally to prevent squeezing. 

A preassembly was lifted and brought to the erection site, and, while 
the main hooks of two gantry cranes held it in the air, the turning was 
accomplished by the block and tackle, one end of the line being secured to 
a lug welded to the hull. As a measure of precaution, and in order to oven 
come the tendency of the preassembly to roll back at the critical positions, 
another turning line w’as connected to the whip hook of one of the cranes. 
Similarly snubbing was done through a block and tackle and again a separate 
snubbing line w T as attached to the wdiip hook of the second crane. Through 
this method of rigging the turning of the preassembled hull sections was 
kept under control at all times. 

Upon completion of the turning operations of the forward and after 
sections they were set in place on permanent steel blocking carried on com 
Crete foundations. The engine room section was already in place so the end 
sections, while still held by the main hooks of the two gantry cranes, were 
pulled home by means of tumbuckles attached to lugs welded to the adjoin' 
ing sections. At each joint about 18 inches of the lap of the shell plates 
had been left unwelded to facilitate fitting and to assist in controlling the 
over-all length of the vessel at this time. 

Following the assembly of the first hull in position No. 1 and the finish- 
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ing of enough welding to permit its movement without fear of distortion, 
the transfer carriages were placed in position and the entire assembly was 
picked up and moved over to position No. 2. As additional hulls were 
erected the movement was progressively forward and when the line- was 
entirely filled the first hull was ready for launching with all the exterior under 
water work completed and all of the heavy machinery in place. 

Many benefits were shown in the application of the use of assembly line 
methods in the building of these submarine chasers among which are the 
following: (1) a substantial reduction in fitting and welding time; (2) an 
overall improvement in the quality of the weld in direct ratio to the amount 
of position welding obtainable; (3) building the vessel in sections allows relief 
points for locked up or internal stresses due to welding shrinkage and per¬ 
mits adjustment of proper overall length of the vessel; (4) the possibility of 
using a greater number of welders with only average qualifications, that is, 
qualified for downhand welding only; (5) conservation of launching way 
space. 

We have cited here only one specific case of assembly production line 
methods with a few of the benefits which are the direct result of these newer 
methods of construction. Before pursuing this subject further we wish to 
divert your attention away from the assembly yard long enough to portray 
some of the very important changes that are necessary in the fabricating 
shop in order to meet the demands made by the assembly lines for proper 
preassemblies. Once the matter of shop fabrication is disposed of we will 
discuss other assembly lines which are now in operation as well as some 
now under consideration which are a most radical departure from any 
hitherto considered. 
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Fig. 7. Detail layout of original shop for riveted work. 
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Fig. 8. Structural shop designed and rearranged to meet the demand for large shop 
assemblies dictated by welding. 

Fabricating Shop Requires Modernization to Meet Demands of Assembly 
Production Lines—The introduction of welding into a structural shop built 
up tor riveting raised many new problems and the advent of assembly lines 
tor ship erection intensified the situation. This shop, in common with many 
others, was a well arranged shop for riveting and had reached a peak of 
production in 1929. At that time a total tonnage averaging about 2500 
tons per month was fabricated, mostly riveted and largely barge steel. 

Shop operations were confined to what we may term fairly simple opera- 
tions: shearing, burning, a limited amount of bending, punching and rivet¬ 
ing. Very few shop assemblies were made in ship construction except for 
some flat work which was limited to bulkheads, trusses and rake frames. 
In many fabricating shops similar to our own, economical design was handi¬ 
capped due to the lack of proper equipment and particularly such machines 
as bending rolls and press brakes. In barge construction, as well as in sea¬ 
going vessels, comer angles were used in place of bent plates with the 
resultant loss of cargo carrying capacity. 
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As welding became more common and new plants "were placed in opera" 
ticn with little more than burning and welding equipment, shop assembly 
was not introduced at first and most of the welding was done at the erection 
site. The product of such plants was usually of the tailor made type and 
these plants did not lend themselves to speedy or mass production. With 
the increase in business ^ starting in 1936 the first demand for all welded 
equipment arose as welding had been growing during the depression. This 
demand, coupled with the fact that positioned shop welding w’as of better 
quality and more economical than vertical and overhead welding at the 
erection sites, soon dictated better shop equipment for mass production. 

This influx of welding and its requirement for shop assemblies of a type 
hitherto unheard of created new fabricating requirements, the main one 
being sufficient working area. Reference to the circular graphs in Fig. 6 
illustrates this need. In a riveted barge approximately 75 per cent of the 
shop labor and required area were taken up by the preparation of the steel 
prior to fitting. This material was mostly flat work easily stacked and not 
requiring much working area. Since most of the steel v/as shipped to the 



Fig. 9. Shapes properly proportioned for welding are cut from standard channels in 

special die equipped punch. 
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Fig. 13. This 600-ton punch press, equipped with a variety of dies, can produce practically 
every type of bent plate fabrication required. 


erection site without shop assembly the area devoted to fitting and riveting 
was small. For the welded barge these conditions were reversed as fitting 
and welding were now the major operations. The shop assemblies are of a 
vastly different nature requiring much space and special equipment such 
as steel assembly floors, surface tables and numerous jigs. 

A typical shop of the riveted era is shown in Fig. 7 with its machinery 
spread ever the entire shop and having only small scattered areas for the 
fitting and riveting requirements. With a total change in space requirements 
as shown in the graphs in Fig. 6 this shop had to be rearranged in order 
to get proper and economical productivity. 

^The results of this rearrangement are shown in Fig. 8. An extension 
was built at the lower right comer of the shop and all fixed fabricating 
machinery was moved to the left end of the shop toward the source of incom' 
ing material. Of an area approximately 120,000 square feet in the entire 
shop, more than 70,000 square feet or about 60 per cent of the under roof 
area was now available for large shop assemblies, never dreamed of in the 
days of riveting but absolutely essential to the success of the application of 
production assembly line methods to shipbuilding. 

As the rearrangement of the shop progressed much of the punching and 
riveting equipment was scrapped or altered to suit present day requirements. 
A rack punch, originally installed for the multiple punching of shapes, has 
been fitted with special shear blades for the purpose of shearing standard 
channel sections on a serrated line as shown in Fig. 9. The resulting two 
pieces, produced at a minimum of expense, have the general shape of an 
angle but a depth two thirds that of the original channel provides a most 
efficient distribution of the material. This new section, made possible by 
providing special shop equipment for its manufacture, permits sealed weld" 
ing with the equivalent of only 50 per cent of a single full continuous bead. 




Fig. 11, This newer type of press brake Has a capacity of bending a 36-foot by 
plate to 90 degrees or more in a single stroke. 
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Originated at this plant, the serrated angle construction has been adopted 
by the navy department and is being used in many vessels built for the 
defense program. 

The studied application of welding has shown the economy of keeping 
the amount of welding to a minimum and has directed attention to the 
benefit of using bent plates in lieu of welded corners. While this is true 
in structural work generally an even greater saving is found in barge and 
ship construction. Most vessels require a right angle plate bend at the 
junction of the deck plating with the side plating and a bend of considerable 
radius at the bilge line. The punch press shown in Fig. 10, with a short 
length of die, was capable of performing such operations but required a great 
number of strokes to bend such plates which usually run from 25 to 35 feet 
in length with the bending on the long side of the plate. 

In order to meet the requirements for the bending of such plating more 
economically an unprecedented size of press brake was built to our specifica¬ 
tions. The five-foot gap on the former press was incorporated in the new 
press brake, shown in Fig. 11, but the length of die was increased to 36 feet 
and enough power was supplied to bend plates up to %-inch in thickness 
and the full length of the die at a single stroke. Today this is one of the 
busiest and most useful tools in the shop. In addition to taking care of all 
plate bending operations for our own activities we have contracted to bend 
plates for other shipyards and during the past year we have bent more 
than 25,000 tons of plates up to 36 feet in length for use by eastern coast 
shipbuilders. 

The development of the use of production assembly lines for the erection 
of ships at the launching sites set up shop requirements not previously de- 
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Fig. 12. The design of this "lit and tack" machine permits the rapid placing of materials 
in it by the overhead traveling crane. 

manded. In order to keep the assembly lines in motion it is necessary to 
deliver to them as large preassemblies as can be handled to the yard. The 
dual results in the yard are greatly dependent upon the accuracy of such 
preassembled sections so provision must be made in the shop for true 
and accurate assemblies. 

One of the primary shop assemblies is the application of stiffening mem' 
bers to plating. As a hand operation this process is slow and expensive, 
requiring careful layout work on the plating and the tedious fitting of the 
stiffening members, which usually consist of an angle with a toe contacting 
the plate. Proper consideration of this problem resulted in the design and 
development of the "'fit and tack” machine shown in Fig. 12. This machine 
consists of a steel floor over which is mounted a traveling head. In operating 
this machine a plate is laid on the steel floor in a position determined by 
jigs and the longitudinal stiffening members are dropped into jigged slots 
for approximate location. The fitting head, shown in Fig. 13, which is 
equipped with horizontal adjusting and vertical clamping motions, is then 
run over the assembly and holds the longitudinals firmly and accurately to 
the plate for hand tacking. The traveling head, which works in either 
direction of movement, is run off in the clear at either end of the floor so 
that overhead cranes can handle the materials to the machine and remove 
the assemblies quickly and economically. 

Jiggbig of assembly operations is utilized wherever possible. A recent 
visitor referred to the fit and tack” machine as the most expensive jig 
he had^ ever seen, but the results have justified the investment. Numerous 
other jigs are used from the simple type of fiat plate jig for such items as 
rake or transverse frames up to the elaborate box type of jig shown in 
Fig. 14, where a side box section of a coal barge is being assembled. The 
box section shown, having dimensions of 35 feet by 11 feet by 3 feet, is 
one of four such sections comprising the entire side of a 175'foot coal barge 
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and is largely dependent on proper jigging to insure that accuracy of shape 
and dimension necessary for the successful usage of large preassemblies. 

Even larger jigs are required at times and for this purpose large plane 
steel floors are provided as a base for such jigs. The use of such a floor 
for jigging is shown in Fig. 15, where a 45-foot towboat is being erected 
upside down on a jig built up from the steel floor to fit the irregular deck 
of the vessel. Similar jigs have been used in outdoor assembly such as 
referred to in the preassembly of subchaser hulls and in the building of 
large towboats. Fig. 16 shows the erection of the entire forward section 
of a towboat having a beam of 36 feet. Similar jigs were used for the very 
irregular aft hull sections of this twin screw, tunnel type towboat and it is 
needless to point out the economy of such a procedure and particularly so 
where half a dozen vessels were built. 

Throughout the shop preassemblies every effort is made to get positioned 
welding. We previously pointed out some of the advantages of positioned 
welding such as the ability to use more ordinary welders. The value of posi¬ 
tioned welding cannot be overestimated so every effort is made to place 
the work in the proper position for downhand welding. For flat work such 
as the plate and angle assemblies coming from the “fit and tack” machine, 
tilting tables such as shown in Fig. 17 are used. In the case of the larger 
assemblies which are often carried into sizes such as shown in Fig. 18, where 
rake ends 30 feet by 12 feet by 9 feet are shop assembled, other methods 
are used. These larger assemblies are turned into various positions by the 
overhead cranes and inclined beams are provided at the side walls of the 
shop to support these large sections at the proper angle for most efficient 
welding as shown in Fig. 19. 

Hand welding has played the major part in shop welding in the ship 
and structural shops to date. In this plant a training school is operated 
constantly in order to furnish properly trained men. The standards are 
high as practically all of the work is under the direction of various govern- 



13. The traveling head moves over the loose assembly and then holds the members 
firmly and accurately in place for hand tacking. 
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Fig. 14. This sizeable jig provides for the speedy and accurate assembly oi a coal barge 
side box section measuring 35 by 11 by 3 feet. 

meat inspection or falls under the classification of the American Bureau 
of Shipping. At the Wilmington yard, which is quite removed from the 
Neville Island plant, many of the welders come from the local trade schools 
and with some additional training develop rapidly into good welders. 

The application of automatic or machine welding has been studied for 
many years and is gradually being developed. The large assemblies built 
up in a shop of this nature do not lend themselves to ready handling to 
the welding machine so it was necessary to devise means of taking the 
machine to the assemblies. A Tornado welding unit was mounted on a 
wall crane as shown in Fig. 20 in such a manner as to cover a floor area 
of approximately 25 feet by 200 feet. With such a large area available it 
is now possible to place enough work under the machine to secure con¬ 
tinuous and economical operation. To secure the best results, care in design 
of the structure to be welded in a machine operation is very necessary so 
that long continuous welds are in accessible locations. One of the most 
successful applications of the carbon arc has been in the welding of side 
box sections for carfloats. These preassemblies, as shown in Fig. 21, are 
about 24 feet by 11 feet by 9 feet and weigh 18 tons each. Proper design 
for machine welding provided a large number of full length welds on these 
box sections. Thus in one lot of fourteen carfloats approximately ten 
miles of automatic welding was obtainable by means of a judicious com¬ 
bination of designing for the welding operation and providing a flexible 
mounting for the w elding equipment. 

All of the changes in shop arrangement and the introduction of new 
equipment have resulted in many economies and have permitted an increase 
m production which was most timely. This shop, with a maximum pro¬ 
duction of 2500 tons per month on riveted work has more than doubled 
this performance on welded fabrication since its modernisation. Further 
this welded fabrication has been carried to a much more advanced state 
of completion in the shop than was the former riveted output. This greatly 
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increased efficiency is the direct result of coordinating a well developed 
welding organisation with a properly equipped shop. 

The Development of Production Assembly Lines in Shipyards—The first 
attempt to adapt the principle of production assembly line methods to ship 
construction was made at the Neville Island plant of Dravo Corporation 
in 1936. Vessels were erected in positions inboard of the crane tracks and 
were moved over into the launching position on concrete filled pipe rollers. 
This was an experimental step and the advantages were so apparent that 
plans were placed underway after a short trial period which resulted in the 
building of the first indoor barge assembly plant. 

This indoor plant, which is shown in the upper left hand corner in Fig. 
2 was successful from the beginning and soon demonstrated the many 
advantages of applying production methods to ship construction. With the 
advent of increased production necessitated by the defense program and 
the requirement for rapid expansion of shipbuilding facilities, additional 
assembly lines appeared to be the proper answer. 

The first requirement was the building of a number of Navy vessels 
and assembly lines were set up for this purpose at yards in Wilmington, Del. 
and Stockton, Calif. Remarkable speed was obtained on these lines and the 
deliveries of the vessels were most satisfactory. Some of these vessels were 
sublet to an established west coast builder but Dravo was able to build 
an entirely new yard incorporating an assembly line and complete a larger 
quota in less time than the subcontractor required using conventional 
methods. 

A second project soon followed the first navy order and a general survey 
of yard requirements indicated that additional lines would have to be added 



Fig. 15. Large plane steel floor areas facilitate the jigging of such irregular shapes as 
the all welded 45-foot towboat hull shown here. 
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at both the Neville Island and Wilmington yards if private contracts were 
to be completed together with the rapidly growing demand for Navy equip¬ 
ment. The schedule of deliveries for the vessels discussed previously required 
a minimum of four building berths which, as will be noted by reference 
to Fig. 22, would have required half of the entire building area available 
on the launching ways. 

With the barge shop already in service it was considered most desirable 
to keep the iiov/'of vessels from it quite uninterrupted so a new assembly 
line as shown in Fig. 2 was erected. This new line permitted the securing 
of the requisite number of building berths at a minimum of expense and 



Fig, 18. The combination of upside down assembly, simple jigging and adequate crane 
service insures speedy, economical and sound workmanship. 

delay and offered no obstruction to the regular flow of vessels from the 
barge shop. A comparison of the yard as shown in Fig. 22 above with that 
of the revised yard as shown in Fig. 23 will show the tremendous increase 
in working area without any increase in the river frontage or in the required 
equipment. In making provision for the new assembly line for the subchasers 
no new crane equipment was necessary and the short assembly tracks were 
put in at small expense. At this part of the yard the launching ways were 
on close centers and only two new ways had to be added. The position of 
the same vessel in the locations as shown in Fig. 22 would have required 
four more new ways. 

Conditions similar to these had likewise been developed at the Wilming¬ 
ton yard where the congestion was even greater. The first assembly line 
was put in service at Wilmington late in 1940 and it was followed by another 
line built late in 1941. The sketch above shows the maximum capacity of 
this yard without assembly lines on the basis of work now under contract 
but with the addition of the assembly lines shown in Fig. 25 the capacity 
of this yard, in terms of actual structural tonnage in place on the building 
berths, has more than doubled. 

It should be noted that with the addition of the assembly lines shown 
in Fig. 25 that there has been some increase in other facilities but that they 





Fig. 17. Tilting tables permit flat work to be readily positioned for downhand welding. 

Equipment of this type should be portable. 

are of rather limited extent. A second crane track with two gantry whirler 
cranes was added as well as a new railroad siding. No other changes in 
the yard were required so that the proportionate increase in the capacity 
of the yard was far ahead of the increased investment. The yard at the time 
of these improvements was occupying all of the river frontage then available 
and the use of the assembly lines was the only practical method to improve 
the capacity without a major expenditure. The more than doubled capacity 
was therefore obtained at an increase in cost of less than fifty per cent 
of the cost of the yard as shown in the original state. 

The operation of such concentrated work is likewise carried out at 
lesser cost than where the work is spread out over a much greater area. 
Careful attention must be given to the planning of both the shop pre¬ 
assemblies and the erection at the building berths to insure a carefully 
scheduled operation and to prevent the undue congestion of material at any 
point in the system. The movement of the vessels on the production lines 
permits the various groups of labor to be constantly engaged on the same 
operation with a resultant high efficiency both in quality of product and 
economy of performance. 

The entry of the United States into the present world war has put new 
and greater demands on the shipbuilding yards which will be met in large 
part by the introduction of the assembly line methods on a much larger scale 
than those discussed above. These installations cannot be treated in full 
nor can their locations be given, but we will endeavor to show in a general 
way what is being accomplished. 

All of the new yards under construction are based upon the principle 
of erecting the vessels in positions most favorable for efficient production 


SECTION VII—COMMERCIAL WELDING 


643 









WSfSfili 


Fig. 18. Rake ends of lighters embody the most difficult part of the work but proper shop 
facilities send these hilly assembled units to the erection site. 


according to the sites available and all follow the idea of moving the ships 
to a single set of launching ways. Three such installations are shown in 
Fig. 26 and each type shown has been designed to meet special conditions 
which are largely dictated by the chosen sites and the desired results. As 
will be noted from a study of the sketches various handling facilities are 
used and it should be noted that there is a great flexibility in the combina¬ 
tions of assembly lines and crane equipment. 

Several months prior to the declaration of war the author had occasion 
to develop a special type of assembly line as shown in Fig. 27. In this case 
it was found desirable to make provision for the transportation of the vessels 
from any erection berth directly to the launching ways. This precaution 
was to safeguard against delay in the event that machinery for any individual 
vessel might fall behind the delivery schedule. 



Fig. 19. Inclined supports and large floor areas are provided while ample cranes juggle 
these massive sections into advantageous working positions. 
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In this case sixteen berths were so arranged that each one could feed 
directly to a transfer car for movement of the ship to the launching ways. 
By providing one large transfer car for the movement of the launching 
ways it was also possible to lay crane tracks on this transfer car and use 
it for the movement of cranes from one track to any other in order to com 
centrate crane power for unusually heavy lifts. Another feature of this 
design was the introduction of controlled launching by the addition of hoist" 
ing equipment to the launching carriage so that in case of necessity for 
inspection or other reasons the finished vessels could be hauled out of the 
water. 



Fig. 20. A Lincoln Tornado welding unit mounted on a wall gantry covers 5000 square feet 
of floor where large units can be grouped lor automatic welding. 

The author received word recently that one of his friends was consider" 
ing a yard somewhat similar to that shown in Fig. 27 and promptly sent 
him a photostat of the drawing shown here. A few days later a letter 
of acknowledgment was received of which the following is a partial quota" 
tion: "You will be interested to know that we have arrived at an almost 
identical solution to the problem. The chief variation being that we will 
place our ways one on each side of a tower whirler track with a space 
between that and the next pair to give additional working room, some storage 
room, and for the facilities such as locker and washrooms, foremen’s offices, 
power transformers, etc.” 

This letter was of course most gratifying but it is also most indicative 
of the present trend in plant facilities. Welding has imposed demands upon 
us for new ideas and new methods and in order to get the greatest benefits 
out of welded construction we must develop welding plants that are as 
progressive as the welding process itself. 

Assembly production lines will without a doubt play a large part in 
the production of ships in the next few years. In the next and final chapter 
we will endeavor to point out some of the benefits secured from the com" 
bination of a properly designed fabricating plant with production assembly 
lines. 








646 


STUDIES IN ARC WELDING 



Fig. 21. Eighteen ton side sections of carfloats shown on ground were designed to permit 
numerous full length runs of heavy automatic welding. 


The Economic and Social Benefits of Welding Production Lines—In a 

summation of the numerous benefits derived from the proper coordination 
of a modem fabrication shop with the use of welding production lines we 
shall endeavor to give as nearly as possible figures which are the result 
of actual performance. Where it is necessary to forecast future results we 
shall endeavor to make only such assumptions as those which have a sound 
basis of facts behind them. 

It is most difficult to show the value of a fabricating shop as compared 
to other shops but during the past year the author had an unusual oppor- 
tunity to definitely establish such a comparison for the shop previously 
described. At the request of the office of production management a serious 
and widespread effort was made by the management of this plant to sub" 
contract a portion of the fabrication of structural steel for ships in order 



Fig. 22. Without production assembly lines the Neville Island yard would have a limited 

capacity as shown here. 
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to accept additional defense work for which, this plant was particularly 
well equipped. 

The fabricated steel to be sublet consisted of barge hulls of fairly simple 
design and of all welded construction. Many shops were contacted covering 
practically all of those within a 30Omile radius of Pittsburgh. Some of the 
bigger shops were unable to quote due to prior commitments so that the 
bids received were representative of what we may call the average shop. 
Of more than fifty plants investigated only half a do^en bids were received. 
Considering only the three lowest bids, the results expressed in terms 
of excess price per ton over the selling price as already in the contracts 
were as follows: 

Bidder A—Pittsburgh District.$28.00 per ton excess. 

Bidder B—Eastern Coast...... 31.90 per ton excess. 

Bidder C—Pittsburgh District... 40.30 per ton excess. 

Average of these three bids.$33.40 per ton excess. 

These bids represented the only alternate source of supply available in 
the latter part of 1941 and serve as a direct measure of the economy of 
a properly equipped fabricating shop. During the year of 1941 the plant 
described herein fabricated a total of 47,000 tons of steel, which at a saving 
of $33.40 per ton, would show a total saving to the buyer of $1,569,800. 
Actually this saving would have been even more for the three low bidders 
did not have a combined capacity sufficient to produce more than half 
of the 47,000 tons. 

The following is an extract from a letter in which we made the final 
report of the above survey to the O. P. M. office: "As a result of these 
many contacts and the resulting discussions of equipment and fabricating 
methods, we have arrived at the conclusion that the average structural shop 



Fig. 23. New assembly line at center of yard together with the barge shop Unes permits 
a maximum of erection in a minimum space. 
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Fig. 24. Mcndmuin. capacity of Wilmington yard without assembly lines on the basis of 

work now under way. 


does not have equipment suitable for the bending operations involved in 
ship construction. The average shop is likewise set up for riveted work 
and is not sufficiently experienced in wielding and particularly in the shop 
assembly of the large sections predicated by the assembly line methods 
originated by Dravo to be competitive.” 

We believe that the above data is a true measure of the efficiency of 
a properly designed and equipped shop for the purpose intended:—the 
production of welded steel preassemblies. 

The application of production assembly lines to ship construction has 
passed the experimental stage and enough work has passed over such lines 
in the past few years so that the saving in cost has been very definitely 
established. A conservative overall saving can be placed at ten per cent of 
the entire cost of the work. Many factors contribute to this saving but 
the greatest factor is that of repetitive effort on the part of the workman 
at each station. After the first few vessels are built on the line there is 
a marked step up in production due to the ability of the workmen to proceed 
without constant reference to the drawings. The fitters soon recognise each 
piece by its marking or appearance, the tackers know just what points 
require support and the welders soon develop a special technique for each 
individual weld. 

A proper source of supply for the preassemblies permits these lines to 
guarantee the workman steady work without those layoffs which are in- 
evitable when the ordinary methods of construction are used. All of these 
factors have been considered since the United States has entered the present 
world war and a large number of new production assembly lines are now 
under construction in many parts of the country. It is not possible to give 
specinc data on these new plants nor is it possible to divulge their location 
but it is possible to state that at the present time shipbuilding contracts 
in excess of $1,500,000,000 have been awarded to plants which will use 
the assembly line methods described in this paper. 

On the basis of a saving which w T e are assuming as extremely conserva^ 
tive at 10 per cent the use of assembly line methods on this defense work 
now under contract will show a direct saving of $150,000,000. In this day 
of figures of astronomical proportions that is not what we may call a large 
sum,, but in the later years of reconstruction and adjustment it will be 
considered a real saving. 

The allocation of contracts covering ship construction on assembly lines 
as cited above is only the beginning of continued awards for such work. 
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Fig. 25. The addition of the assembly lines has more than doubled the actual struct ur ed 
tonnage in place in the yard as compared with the same vessels shown on the ways 

in Fig. 24. 


A news release in the Boston Herald under the date of March 16, 1942, 
contains the following information: “A tremendous new contract calling 
for the construction of 200 Liberty cargo ships by means of a secret adapta¬ 
tion of the automobile industry’s assembly line technique was announced 
tonight by the Maritime Commission. A new shipyard, equivalent to 28 
conventional shipways, will be built near New Orleans, and the 200 ships, 
each of 10,500 deadweight tons, are all to be completed before the end 
of 1943 ” 

This project alone, with a total value of $350,000,000 will result in a 
similar saving of a minimum of 10 per cent, as indicated in reference to 
work previously allotted to assembly lines, or the not insignificant sum of 
$35,000,000. The secret adaptation of the assembly line is not as secret 
as inferred, nor is it a direct application of the automobile industry’s methods. 
It is actually a duplication of the methods which have had several years 
of sound application in shipbuilding although the general idea of production 
lines was established in the automobile industry. 



Fig. 26. Several types of assembly lines all tend to concentrate the erection 
area with the movement of the vessels to a single set of launching 
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Fig. 27. This yard, while embodying the principles of assembly line methods, permits 

the movement of any vessel from its erection site directly to the launching ways. 

The savings in the actual building of ships on assembly lines are not the 
only economies involved in such construction. Another news writer, Gordon 
Sanders, in an article also in the Boston Herald under the date of March 
15, 1942, states that in 1937 there were in active usage in the United States 
only 10 shipyards having a total of 46 building ways. The rapid growth 
since then is set forth in an editorial in the January, 1942, issue of Marine 
Age which reads as follows: Un February, 1941, there were 170 building 
ways in this country capable of accommodating steel vessels of 300 or more 
feet in length in 45 private yards. Today, 65 private shipbuilding yards 
have 406 building ways engaged in building steel sea-going vessels for 
government and private account."" This increase of 360 building ways repre¬ 
sents the expenditure of a total investment of approximately $300,000,000, 
as the average allotment for new shipbuilding ways of the conventional 
and launching type for vessels of 300 feet and over has been costing from 
$750,000 to $1,000,000 per shipway. This figure covers all the facilities 
required for the erection and outfitting of ships but does not include struc¬ 
tural fabrication shops and main manufacturing machine shops. 

In connection with the allotment of the various ship contracts for assem¬ 
bly line construction there has been a corresponding increase in the require¬ 
ments for erection and launching facilities. The work now assigned to such 
assembly lines would require a minimum of probably 150 conventional 
launching ways at a cost of $150,000,000. The use of the assembly line 
methods, as previously shown, permits a greater concentration of work 
and a consequent lesser expenditure which we may safely say is about 
60 to 70 per cent of the usual cost or a saving in these new facilities of 
$45,000,000 to $60,000,000. A similar saving could have been effected in 
the expansion of yards during the period between 1937 and 1942 had the 
assembly line methods been given a wider adoption sooner which would 
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have saved approximately $100,000,000 of the $300,000,000 expended 
during that period. 

This sudden and extensive adoption of the use of assembly line methods 
by the government will undoubtedly have an effect on all future ship¬ 
building. All of the yards now being built are being financed with govern¬ 
ment money and here again a large saving is being shown due to the 
economy of such installations. Savings of this nature all react to the 
general public welfare and will tend to speed the adoption of such methods 
by numerous shipbuilders in the future. The reports covering the ship¬ 
building market for 1941 showed a volume of work under contract on 
October 1, 1941, amounting to $12,000,000,000. It is safe to assume 
that at least half of this work could be produced on assembly lines so that 
the potential saving is very real. When business gets back to normal 
such methods will become imperative if a plant expects to remain competitive. 

In summing up all of the above it is difficult to present the results with¬ 
out fear of accusation of exaggeration. The savings due to a modem fabri¬ 
cating shop have been very definitely established but at the present time 
entirely new shops are under construction where the experience gained here 
will permit of even better choice and arrangement of equipment which will 
result in even better performance and greater economies. Many of the new 
production assembly lines are being developed only after careful study of 
those already in operation. These new plants are being designed with full 
cognisance of the small comforts which can be incorporated into such 
facilities in order to make working conditions more pleasant for the work¬ 
men. Every effort is being made to observe all safety requirements so that 
accidents can be kept down to a minimum and the health of the men 
preserved. These items cannot be evaluated in dollars alone but they will 
contribute in a great degree to the defense effort and enable us to retain 
the American way of living. 



Chapter IV—Operating a Plant Weldery 

By Virgil Cochran 

Assistant Superintendent, LeTourneau Co. of Georgia, < Toccoa > Georgia 



Vergil Cochran 


Subject Matter: Casting and riveting is a thing of the past. The 
plant described has utilised welding completely even in the 
construction of its buildings which are made of steel building 
block. The blocks are panels which are welded into a unit with 
welded cross trusses. I-Beams are used in with concrete for 
flooring, and the roof is supported every 46 feet by 18-inch pipe 
columns. The roofing material is also made.up of panels. The 
shop is divided into 5 departments of which fabricating and 
welding is one department. Shapes are cut by acetylene torch 
and metal is bent and shaped by rolls, presses and press brakes. 
Jigs of various kinds are made for positioning structures. Grad¬ 
uates of high schools are given training as welders. Each part 
of structure is designed for a certain weld, and the information 
is given on the drawings by using the symbols of the American 
Welding Society. Machine tools were produced by the plant in 
order to produce shells. 


We have a method of joining metals in the United States today that few 
people realize the advantages and possibilities of. That is electric arc 
welding. We have seen the many uses which have been made of arc 
welding since the war started and wonder how long it would have taken 
to reach the present stage of welding if it had not been for the war. 

Yet. what of the future? Will the progress of welding continue or have 
we reached the end? I believe we are just opening the door on future 
possibilities. Casting and riveting are a thing of the past as an important 
method of producing metal products. 

I do not believe there is a plant in the United States that for its size 
utilizes the process of arc welding for the manufacturing of steel products 
more than the company for which I work. 

The company for which I am working has been manufacturing heavy 
grading equipment by the arc welding method since 1931 when they started 
out on a shoestring with but a mere handful of men. Today, that company 
has grown to where it now has four manufacturing plants in the United 
States and one in Australia. The plant which will be discussed in this paper 
is one which was started November of 1938. Our company employs at this 
plant 2,000 men and women. The welding department employs an average 
of 250 welders. 

As far as I know our plant is different from any other industrial plant in 
the world. My reason for making this statement is that everything connected 
with our plant is arc welded steel. The plant building itself is welded from 
steel. The employees' houses, the company-operated filling station, the 
hangar at the company's private airport, the office building, the warehouse, 
the company-operated dairy and cattle barn, water and fuel storage tanks, 
and the equipment used in the plant—everything has been made of steel 
joined together by arc welding. Surely the byword of our company is true, 
it is ““welded together." 
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Fig. 1. Airplane view of main building, office and handling buildings. 

Construction of Building—You might ask why is everything made of 
welded steel? The answer is for several reasons. The first one—because of 
one man's vision. Our president believes that regardless of bow good a job 
is being done there is always a better way of doing it, and that is by welding. 
His vision of future construction of bouses and all buildings is welded 
steel construction. 

Second—the cost of construction is comparable to wooden construction 
while the upkeep and maintenance is negligible, consisting only of painting. 

Third—simplicity of construction. The buildings can be constructed 
by the production line method using standardised parts. 

Fourth—speed of construction. Using production line methods, a five or 
six room house can be built in less than a month. After looking at Fig. 1 
you might wonder just how all these different types of weldings can be 
constructed of standardised parts. It is this: All of the buildings mentioned 
are made of steel building blocks of a standard site 44 inches wide by 88 
inches long either 4, 6, or 18 inches thick. This panel is shown in Fig. 2. The 
panel is fabricated from two sheets of steel, 46 inches x 90 inches of 12'gauge 
material. These sheets are stamped in a mechanical press to a shape which 
will hold them rigid. They are then welded together facing each other with 
trusses bending from one sheet to the other. In the building these are 
arranged in such a manner as to make a self'Supporting wall or roof. These 
are welded together in various combinations to get the desired results. 

I will briefly describe the main plant building. It is a structure 368 feet 
wide by 598 feet in length. It is 24 feet high. The floor is 6'inch thick 
concrete with 6'inch Jr. I'Beams set in the cement every 23 x 46 feet. 
These I'Beams served as forms while the cement was being poured. At 
present it is a “ground” network for the welding machines. 

The walls of the building are made of 6'inch thick “building panels” 
and has a double row of windows all the way around the outside, (See Fig. 3) . 
The roof is made of the 18'inch thick building panels and is supported every 
46 feet by an 18'inch pips column. This pipe column Is welded to the 
I'Beams in the floor and to the roof. To these columns are welded two 
rings on which swing two “boom” cranes. One is of two'ton capacity and 
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the other is 15-ton capacity. These cranes are swung from each column roof 
support so that the entire floor area is serviced by cranes. These cranes are 
also constructed entirely by arc welding. This network of “boom'” cranes 
along with our fixtures for positioning structures for welding makes it 
unnecessary to have any overhead crr.ro. Fig. 4 clearly shows how these 
cranes are arranged. 

Our business is to manufacture heavy earthmoving equipment consisting 
mainly of scrapers, sheeps foot rollers, rooters and tournapulls. Each of these 
products is constructed entirely of a high tensile steel fabricated by arc 
welding. Fig. 5 shows our largest tractor and scraper combination which is 
capable of “scooping” up 60 cubic yards of dirt, carrying it for any distance 
at speeds up to 14 miles per hour and then spreading the dirt to any desired 
depth. This piece of equipment is operated entirely by one man. 



Fig. 2. Building panel showing two stamped sheets with welded cross truss. 

Shop Organization—Our shop is divided into five major departments, 
each of which has several sub'departments within them. These major 
departments are: steel cutting and forming, machine shop, fabrication and 
welding, cleaning and painting and shipping departments. The superin¬ 
tendent is over the whole plant. Each major department is supervised by a 
general foreman who has several foremen and sub-foremen under his 
direction. 

The purpose of our steel department, (See Fig. 6), is to store the large 
quantity of plates, angles, channels, sheets and bar stock necessary for 
fabricating our equipment, also to cut this steel to shape by torch cutting, 
shearing, punching or sawing. 

Most of our material is cut with the acetylene torch either by hand or on 
a shape cutter which uses wood and metal templates and can cut various and 
odd-shaped pieces accurately and cuts them three at a time. This is a fast 
method of cutting, and the smooth, accurate cuts made by this method speed 
up the welding operations considerably. Another way of speeding up welding 
time and cutting costs is to bend and shape the metal as much as possible to 
save welding it. This is done in the steel department using presses, rolls and 
press brakes. By properly using this equipment the number of inches or 
feet of welding required can be cut in half. Figs. 7 and 8 show some of this 
equipment. 

When the parts leave the cutting department they pass into a control 
room where they are stored until needed or else they are routed to the 
machine shop or welding departments. If at all possible, we machine our 






SECTION VII—COMMERCIAL WELDING 


655 


parts before welding them and then use jigs and fixtures for lining up the 
parts. But when accuracy counts, we always machine the structures after 
welding. 

'Welding Fixtures—In the fabrication and welding departments our aim 
is “to get the best quality of work in the least time.” To accomplish this, we 
use the largest and fastest electrodes that the material used can stand. Nearly 
all of the welding is done in the flat or fillet positions. Very little vertical 
and overhead welding, if any, is done in the plant. Everything we make is 
welded in positioning jigs which can be turned and rotated so that every 
weld can be made in the flat or horizontal position. Figs. 9 through 12 show 
a few of these welding jigs. 

We have two classes of fabricating jigs, the set-up jigs and the welding 
jigs. Sometimes, though, these two are combined - into a single set-up and 
welding jig. Our set-up jigs are used for setting up and tack welding the 
various parts together. The welding jigs are used for rotating the structure 
while welding. 

The jig itself is a rigidly-braced skeleton framework on which are line-up 
pins, stops and clamps to hold the parts in the correct position while welding. 

A good set-up and welding jig should have eight characteristics to make 
it successful. These characteristics are: 1, A jig must be light; 2, It must 
be strong and rigid; 3, It must be accurate; 4, It must be simple to use; 5, It 
must be so made that parts can be easily placed in it; 6, It must be made so 
that the finished structures can be easily removed; 7, It must be made so that 
all welds are exposed and easily accessible; 8, It must be correctly balanced 
and easily positioned. 

There is but one main reason for using welding positioning jigs and that 



Fig. 3. Interior of plant in steel department. 
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Fig. 4. Welding fabrication department. 


is to cut costs. Besides lowering costs the positioning jig does five separate 
things. They are: 

1 . Increases quality and appearance:—This is accomplished because all 
the welds are made in a fiat or horizontal position and run with large high¬ 
speed electrodes. 

2 . Increases speed:—Again this is accomplished by using large high-speed 
electrodes. Instead of using % 2 dnch and /46'i nc ^ electrodes in making the 
welds in a vertical position, a J/ 4 -inch or S /l6 -inch and sometimes 34 -inch 
electrode is used and the weld is run flat. We have cut our welding time by 
50 percent in most places by using jigs. 

3. Welding and set-up jigs make Identical and uniform structures:—This 
is absolutely necessary on a production line where a completed unit is made 
up of prefabricated substructures. If these substructures are not all exactly 
the same, the main structure will not go together properly. 

4. Welding jigs prevent warpage from expansion and contraction:—The 
welding jigs have clamps and stops which hold the parts to the desired 
shape. In many cases the jigs are made to preform the parts before welding 
to counteract the shrinkage and warpage due to welding. 

5. Welding jigs permit the use of inexperienced operators:—This is espe¬ 
cially beneficial at the present time when there is such a decided lack of 
experienced men. In a few months an operator can be trained to make 
satisfactory fiat -welds in a positioning jig. 

We use many different types and sizes of positioning jigs both large and 
small and both power-controlled and hand-controlled. Some of these jigs 
handle structures weighing up to five tons. 

Welding School—Of the approximately 250 operators working for our 
company only a very small handful have done any welding previously. We 
have found it much more satisfactory to train our own welders rather than 
to hire men who have already been welding at other occupations and other 
places. Our main reason for this is that in a great many places, the welders 
are accustomed to using only the smallest size rods, % 2 dnch, % 6 ' inc ^ anc * 
% 2 'inch, while in our work we utilize the larger rods, mostly 34 <inch, 
inch and 34"inch. All of our work is done by hand, using high-speed elec¬ 
trodes. In hiring men who have welded on other jobs, we have found it 





Fig. 5. 40’0-Horsepower Diesel Tractor with 60-yard scraper, every part arc welded. 

difficult to get them to use these larger electrodes and follow procedures as 
we have set them up. But by bringing in inexperienced men, training them 
in the way we want our welding done, and the methods and procedures 
used, we then do not have to worry about them. In training our welders, we 
take high school graduates, preferably, in groups of ten and give them two 
weeks or 100 hours of combined welding practice, lecture room and study. 
They are put in the plant, given scrap plate materials and are first shown 
how to properly strike an arc at the desired location. They are then shown 
how to run flat welds, then fijlet welds, proceeding on to se mi -vertical, 
vertical and overhead welds, using various sues and types of electrodes. For 
one hour a day, the instructor takes these men into a classroom where they 
study the terminology, theory and practice of welding. When the men are 
practicing welding, the welds are broken open so they can see what is on 
the inside and they are given instruction on keeping good clean v/elds and 
not just on surface appearance. 

Welding Tests—As welding operators go from one job to another, they 
are given tests to be sure that they can successfully do the welding necessary. 
In our type of work, we do not feel that it is necessary to give the men the 


Fig. 6. Steel department. 
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customary tests of nick break, bending and tension. It is our opinion that 
for production welding it is not necessary for an operator to pass tension, 
bending or nick break tests, as these generally show only the quality of the 
weld metal. Our electrodes have been tested sufficiently to know what type 
metal they will give when deposited. 

The welder, if he has been given the proper instruction and taught the 
proper procedures in welding, and if he has welding as his ambition, will 
do the best he can to deposit good welds. If this is done, and if the proper 
electrodes are used, the welding will be satisfactory. We have four classes 
of welders: Class I, which is flat and fillet welding v/ith % 6 'inch and J/ 4 -inch 
electrodes; Class II, which is flat and fillet welding using large and high' 
speed electrodes; Class III, which is for fillet, semi'vertical, horizontal and 
overhead; Class IV, using any type of electrode in any position. In all of 
our tests, we use the following procedure: The plates are welded, using the 
given size rod at given amperage and in a specified position. These tests 
are then graded as follows: 



Fig. 7, (left). Metal forming division of steel department. Fig. 8, (right). 700-ton 

mechanical press. 


The time used by the operator to make each plate is recorded in seconds. 
The time for each plate is compared with the standard time allowed, and 
if the actual is in excess, the plate is rejected. 

After the welds have been deposited on all the plates of a given test, the 
instructor, who gives the test, slags and brushes all the beads and removes 
the plates from the jigs. The weld size is determined by a gauge, and is 
recorded. Plus or minus one'sixteenth (d= Vi 6 'inch) of an inch is allowed 
on the size of weld that was specified. 

The plates are graded on the center four inches of weld which excludes 
one inch at each end of the six'inch plates. This allows the operator an inch 
of bead to get started and an inch to finish up. 

The plates are then graded on surface appearance which is broken into 
two separate parts—undercut or over-dap and general surface appearance. 
The surface appearance is graded on the basis of roughness, irregularities of 
the edges, holes, taper of v/eld and regularity of ripples. A minimum grade 
of 80 percent is allowed. By 80 percent is mean that surface is 20 percent bad. 
amount of undercut is graded next. A minimum grade of 80 per cent 
3-11 owed or 20 percent of the four linear inches of weld can be undercut. 
The depth of the undercut also has a bearing on the grade. Since undercut 
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reduces the cross-sectional area of the parent metal, it is very objectionable 
and so is graded rather closely. 

Overlap occurs infrequently, but, when it does, it is just as objectionable 
as undercut, and therefore is graded similarly. 

At this point the plates are broken open from which grades on penetra¬ 
tion, slag inclusion, gas holes, and porosity can be determined. 

Since penetration in a weld is very important, a minimum grade of 90 
per cent is allowed. An application of the fundamentals of good welding will 
result in good penetration, and because it does, the grading is rather tough. 

Slag inclusions in a weld are a sign of poor welding technique, and at 
the same time, reduces the cross-sectional throat area of the bead greatly, 
resulting in less strength. Therefore, a minimum grade of 90 percent is 
allowed. 

The greatest reducer of bead, cross-sectional throat area is slag holes. A 
large amount of gas holes result when using a short arc, especially “all 
position” rods. In accordance, a minimum grade of 75 percent is allowed. 
This grade seems rather liberal, but it is necessary due to the affinity of the 
rods and material for gas holes. 

Hand in hand with the gas holes is porosity, produced by the same 
faulty technique. A minimum grade of 80 percent is allowed. 

A summary of the items and their minimum grades follows: 


Time .less than the standard time allow T ed 

Sffie . ±z ^6"inch 

Undercut .50 percent 

Surface Appearance .80 percent 

Penetration .90 percent 

Slag inclusions .90 percent 

Gas holes.75 percent 

Porosity .80 percent 


If a grade is below the minimum on any one item, the operator fails the 
entire test. At a later date, preferably at least one month interval, the 
operator must repeat the entire test. 

These definite characteristics are graded quite rigidly, and the operator 
cannot go from the work of one class to another unless he has satisfactorily 
passed the required tests. 



g * 3, (left). Rotating set-up and welding jig. Fig. 10, (right). Rotating jig to set-up and 

weld building panels. 
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Fig. 11, (left). Botating jig for setting up and welding house plumbing system. 
Fig. 12, (right). Double-acting positioning jig. 


We require one element in our welding tests that, to my knowledge, 
is not being done elsewhere. Our tests are all uniform and made in special 
jigs. Each test is timed and it must be welded at production speeds. If the 
operator fails to make the test within the time limit he fails the test. 

We do this because we believe that a welder can usually pass a test if 
you give him enough time. But the tests should show what kind of welds 
an operator can turn out at production speeds. 

Welding Procedures —We realize that most welders do not know what 
size welds are necessary on all of our equipment, and that they usually put 
just enough weld on to look good. Also our equipment must pass a rigid 
inspection" set up by our service department which requires the necessary 
size of welds. Then, too, we use an incentive system for our welders which 
gives an accurate cost on all of our equipment. These requirements make 
it necessary to have an accurate system of control on our weld sizes. To do 
this we have set up a procedure system for all of our welding. The welding 
engineer, with the welding instructors, analyzes each structure which must 
be^welded in the plant. They then decide what size each weld should be, 
what size and type electrode should be used in making each weld, what 
position that weld should be run in, what amperage should be used, and 
how many beads should be used in making the weld. This information is 
then shown on all of our fabrication drawings and is typed on procedure 
sheets which are given to each department foreman. 

Each instructor knows these procedures by heart, and as he circulates 
through the department, instructing the welders on quality of work, he also 
instructs them in correctly following these procedures. This is another 
reason why it is not necessary for us to use experienced welders in our plant, 
because we can take inexperienced men, teach them the fundamental pro¬ 
cedures of welding, give them copies of our written procedures which they 
can follow; thus, the quality and type of welding and the sequence of welds 
as made on the structures are not left up to each individual operators opinion 
but are given to him definitely and must be followed. 

Our procedure sheet has the job broken down into elements, and each 
weld is listed with all the information necessary to properly make that weld. 

Looking at the information shown for each weld you will see something 
like this: Vs Fo G — 30 

The interpretation of this is: Make a 24-inch flat weld in two passes using a 
i/ 4 'inc h all position mild steel electrode at 300 amperes. 
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The first fraction always gives the size of weld, the letter following shows 
in what position the weld is made, the submumber following shows the 
number of passes necessary to make this weld. The next capital letter tells 
which type of electrode should be used, and the two digit number following 
that is the amperage used without the last digit, thus 30 = 300 amperes; 
40 = 400 amperes, etc. 

The 'Welding Symbols —In the past, in nearly every organisation, the 
engineering department designed a structure or piece of machinery either 
to be made of cast iron or of riveted construction, and in designing this 
piece of equipment they included in their drawings each minute detail, so 
the inspection department, production department and the actual worker 
knew exactly what was desired and proceeded on that basis. Harmony, 
from the engineering department to the worker, was possible through a com" 
mon language—the “drawing.” 

With the rapid development of arc welding, and its application to all 
industries and their products, engineering departments, having been trained 
to other methods of fabrication, were at loss as to where to properly place a 
weld and what size bead should be used. This was usually left in the hands 
of the operator, who sometimes did an excellent job and other times was 
responsible for failures in welds. 

Poor design by the engineering department caused failures that could 
often be blamed to some other department, which usually resulted in poor 
cooperation or friction. 

The need for a common language in welding was imperative, and through 
the American Welding Society, engineers, inspectors, foremen and operators 
in all types of industries, a symbol system was devised which consists of 
simple signs and figures. 

These symbols make possible: (1), location of each weld; (2), size of 
the weld; (3), type of weld (fillet, butt weld, beveled end, etc.) ; (4), position 
of weld (vertical, horizontal, overhead, flat, etc.); (5), number of beads or 
passes necessary to make the weld strong enough for the stresses in that 
particular joint; (6), size of electrode for each pass; (7), type of electrode 
for each pass; (8), machine setting in amperes for each pass. 
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Fig. 14. Lathe division of shell department. 


The welding symbols adopted by our company are identical with those 
of the American Welding Society, with the exception that a few symbols 
have been added to make possible the application of the symbol system to the 
standards system now employed in this plant. 

Three outstanding advantages of the symbol system have been found 
in our plant and they are as follows: (1), symbols convey to the operator, 
inspection department and cost department those requirements of the engi- 
neering department which are necessary for successful and low-cost produc¬ 
tion or construction; (2), symbols specifically instruct the operator with 
regard to the sice, length of weld, etc., so that it will meet the requirements 
of the job it is to do, and also pass inspection; (3), symbols assist in helping 
the operator meet his standards, by specifically indicating the number of 
passes required as set up by both the engineering and standards departments. 

Incentive System—As in any other process of manufacturing, cost is the 
most important matter. If your cost of manufacturing is high you lose money 
and go out of business. If you keep costs down your business succeeds and 
makes a profit. No matter how good welding procedures you have or how 
good welding operators you have unless these men work steadily and 
efficiently your costs will be high. In order to keep our men working efficiently 
we have installed an incentive system through which our men are paid 
a bonus according to the amount of work they turn out. 

This is done by making careful time studies of all welding operations 
with a stop watch. To the actual time, correction factors are added for the 
man s ability and speed of wielding, and for the effort that he puts into his 
welding. From this it is determined how many units go into the making of 
any weld of any certain sire. A unit can be comparable to a minute, but 
instead of being a unit of time, it is a unit of work. Thus, a V^-inch fillet 
weld 10 inches long would take 20 units of work rather than 20 minutes 
of time. 

Each operator marks up on a check sheet what he has done during the 
day. Beside each one of the elements listed is a standard unit of work. The 
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operator can then compute the number of units of work he has done during 
the shift. All men are paid a base rate for their particular job. On top of 
this for any work which they do that averages more than 60 units an hour, 
they are paid a premium. Each unit is equal to the base rate per minute. Each 
month the cost accounting department computes the total number of units 
turned out in each department. Against the number of units produced, they 
compute the amount of expense that goes into this department. Then, by 
dividing the total number of units produced into the total expense of that 
department, they can compute the unit cost. From the standards put on each 
operation of a given structure they know how many units go into the 
manufacture of one piece of equipment. Then by multiplying the total 
number of units in a piece of equipment by the unit cost they arrive at an 
accurate manufacturing cost for that particular piece of equipment for the 
previous month. 

Manufacturing Shell Equipment —At the present time, one of the most 
important topics of the day is the subject of welding for National Defense. 
I am afraid most people, when they think of welding in National Defense, 
immediately think of shipbuilding and airplane manufacture. This is an 
entirely new field for welding in the United States and very little use of 
it has been made up until the time we started preparing for World War 
No. II. There are many other applications of welding for defense in which 
welding is just as important as in shipbuilding and airplane manufacturing, 
but very little thought is given to it. The phase of welding for defense I wish 
to discuss in this paper is that of an industrial manufacturing concern using 
its welding-fabrication department to produce the machine tools necessary 
to manufacture shells. 

A War Contract —When World War No. II affected the United States, 
our plant was inspected by army ordnance engineers and we were asked 
to bid on a contract for machining 15 5-millimeter shells. Realising that 
every plant in the United States must help out in order to win the war, 
our company placed a bid and was awarded a contract to machine 155- 
millimeter shells. In order to manufacture these shells, we found that it was 
necessary to more than double our quantity of machine tools, and in spite 
of the fact that we had the highest priority ratings, we found that it would 



Fig. 15. Large movable crane holding load of 30 tons. 
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be impossible to secure additional machine tools in less than 12 months. Real¬ 
izing the necessity of immediately starting to produce these shells, we decided 
to fabricate and make our own machine tools. In less than a year s time, 
we had produced the following equipment: 75 automatic lathes, ^ nosing 
presses, 3 shot blasts, 9 oihfired heat treating furnaces, a conveyor system 
and 2 piercing presses for making shell forgings. Each of these structures has 
been made entirely of welded steel construction. The material was cut from 
standard steel sections and plates, shaped, welded and machined. 

The advantages of these machines with, similar machines which are on 
the market today are many. The first of these advantages is the speed of 
construction. This has been vitally necessary to us, as the time it would 
have taken us to secure the necessary equipment by buying it on the market 
would have required months of waiting for deliveries before we would have 
been able to start production. 

The second advantage of this welded equipment is the cost of machines 
used in machining the forgings compared to the purchased price. We built 
by the welding method for approximately J /3 of what similar machines would 
have cost if we had to purchase them. 



Fig. 18. Heavy-duty trailer with load of 75 tons. 

Another advantage of manufacturing our machine tools is that we could 
make them of extremely heavy-duty construction. This allows for fast 
machining using heavy cuts and a minimum of maintenance. Also the 
machines do not have to be leveled and fastened to the floor. They are 
absolutely rigid and can be picked up and moved anywhere and they will 
still retain their accuracy. Another advantage is that we could design our 
equipment so that when our war contracts are over with, we could revise 
the tools very easily and use them in our regular production. This way there 
would be no loss to ourselves or to the government by the purchasing of 
special equipment. The last advantage of using our own manufactured 
equipment is that there is no shut-down waiting for replacement parts because 
we are able to manufacture everything for these machines in our own plant 
and can always keep a supply on hand. We feel that our electric welded 
machine tools are far superior and far stronger to any other equipment that 
can be purchased and they have allowed us to get into full production on 
government contracts while other plants are still waiting for machine tools 
to be delivered to them. Fig. 13 shows one of the welded lathes similar 
to those used in our shell department, while Fig. 14 shows a “bird's eye” view 
of the lathe section of the shell department. 

Our welding for defense by no means ends with our manufacturing 
tools for shell machining. Let's look at some of the other equipment which 
can be used very definitely and is being used by the government in various 
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Fig. 17. All welded steel house being hauled to location. 

phases of defense work. Fig. 15 shows a large movable crane, capable of 
picking up a load of 30 tons and carrying it at a speed of 14 miles per hour 
wherever it is necessary for it to go. Can you imagine the various ways this 
piece of equipment might be utilized by army engineers in constructing and 
repairing bridges, handling heavy artillery, loading and unloading freight 
cars and handling whatever heavy equipment that might be necessary? It 
would not be out of reason to use this crane for removing bombers which 
have crashed in landing, from the field so that other planes which are wait¬ 
ing to land will have a clear field in which to do so. Fig. 16 shows a heavy ^ 
duty trailer capable of hauling a 75-ton load at speeds up to 13 miles per 
hour. In a war where it is very often necessary to move heavy equipment 
in a very short time this could be used to a very distinct advantage for moving 
heavy artillery to a new position or carrying construction equipment from 
one place to another. 

One of the most serious problems which has been brought up in defense 
areas has been the matter of housing the workers. For this purpose we have 
designed a one-room house, which contains a bathroom, kitchen, large closet, 
combination living, dining, and bedroom. This is made in a single unit of 
welded steel just the right size to be set on a flat car or large trailer and 
can be carried from place to place. All that is necessary to make this house 
livable is to set it on a flat area and connect a water line and sewer to the 
connections on the outside of the house. It is then ready to be moved into 
and to be of service. These houses, as shown in Figs. 17 and 18 can be 
constructed in a very short time and will furnish very comfortable living 
with very, very little upkeep. Practically 100 percent of our regular line of 
equipment is also being used for defense. 

It is not hard to realize how a scraper, shown in Fig. 5 can be used in 
the construction of airports, roads, building sites, cantonments, railroads. 
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Fig. 18. All welded steel house set in position. 

tank traps, bomb shelters, etc. They can also be used to maintain airports 
that have been bombed and repair them quickly to get them back in shape 
for use. 

Conclusion —Aside from our regular production work and the making 
of machine tools for our own use, arc welding is also used extensively for 
other purposes: 

Briefly these are: 

3, Dies, punches and fixtures for forging and punching operations— 
every one of the hundreds of dies and fixtures used in our steel depart' 
ment have been made by arc welding. Many of our simpler punches 
have been made by torch cutting the parts, facing the cutting edges 
and grinding to shape. These require no other machining and are 
very economical. 

2. Drill jigs—all drill jigs and fixtures are fabricated from steel by 
arc welding. 

3. Salvage operations—Thousands of dollars are saved annually by sab 
vaging machined parts that have been turned underside or not accord' 
ing to the drawings. At this plant a welder always “covers up” a 
machinist’s mistakes. 

4. Maintenance—all of our machine repairing, pipework, duct work, 
etc. is done by welding, saving much time and money. 

When we look back over the things that have been accomplished by 
me use of arc welding in this company and think of how these products, 
made through the use of arc welding, are helping to defeat the Axis, no one 
can say that “welding does not pay.” 

NOTE: It has not been possible to show photographs or make any detailed state' 
ments concerning the equipment used in the shell department because of restrictions 
placed on us by the government. 

It has also been impossible to make cost comparisons on much of this material 
because of the radical designs used which cannot be constructed by any method other 
than arc welding. 
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Chapter I—Liquefied Gas Storage Containers 
By J. O. Jackson 

Chief Engineer, Pittsburgh Des Moines Steel Co., Pittsburgh, Pa. 


Subject Matter: A newly developed welded container for the 
storage of liquefied gas which costs less than 3 per cent of 
previous available types and which may be used to increase the 
annual volume delivered by the nation’s natural gas pipe lines 
by 25 per cent at a saving of 4]/ 2 per cent of present total pipe 
line operating costs. Liquefied gas storage containers have been 
made possible because of electric fusion arc welding which alone 
can make seams in such containers which will withstand severe 
temperature variations and remain leakproof. Liquefied gas 
containers require only 1.8 per cent of amount of steel, 1.21 per 
cent of amount of ground space required by other containers. 
Total annual savings in industry through use of liquefied gas 
container would amount to $18,750,000. 


Natural gas is usually transported from the gas fields to its markets 
by pipe lines often of considerable length. The demand for gas, particularly 
in markets where it is used for heating houses, is very seasonal and if pipe 
lines are designed for peak winter loads they become excessive in cost for 
the smaller demands during the warmer months. A saving would result if 
gas could be stored near market areas in sufficient quantity to permit the 
pipe lines to deliver gas at a more uniform rate throughout the year. 

Gas has heretofore been stored in gas holders of the variable-volume 
types such as the telescopic water-sealed or the ‘‘'■waterless' 1 sealed piston 
types or in spherical, blimp- or bullet-shaped tanks under pressure. Any of 
these types of containers would be excessively costly and would require large 
areas of ground space to store sufficient gas to materially reduce the winter 
peak demands of a pipe line even of small size. 

Natural gas useful for domestic and industrial heating usually contains 
a large percentage of methane and smaller amounts of butane, propane, 
ethane, hydrogen, carbon dioxide, nitrogen and water vapor and traces 
of other gases. The butane and propane are usually removed at the source 
by oil absorption as they cause trouble by condensing in the pipe lines. If the 
water vapor and carbon dioxide are removed from the remaining mixture by 
drying and chemical treatment the methane may be liquefied by cooling it 
to below its critical temperature, about 116 degrees Fahrenheit below zero 
and subjecting it to a pressure of from 673 pounds per square inch absolute 
at its critical temperature to one atmosphere absolute at about 260 degrees 
Fahrenheit below zero. During liquefaction, the nitrogen and other inert 
gases may be removed, leaving substantially methane. 

66 7 
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Fig. 1- Liquefied gas containers. 


About 600 cubic feet of methane measured at standard conditions of 
temperature and pressure will occupy only one cubic foot of space when 
liquefied and if cooled to 260 degrees Fahrenheit below zero will exert no 
more vapor pressure on the inside of a container than the atmosphere exerts 
on the outside of it. Very large quantities of gas can be stored in the liquid 
state at zero - gauge pressure in a comparatively small space. If gas is com' 
pressed at atmospheric temperatures to the volume it would occupy if lique' 
:Ied 7 a pressure of about 9000 pounds per square inch absolute would be 
required. 

The gas company serving Cleveland, Ohio with natural gas was experb 
encing shortages of gas in the winter seasons due to the demand having 
increased beyond the capacity of its supplying pipe lines. Studies indicated 
it would be less costly to increase the effective pipe line delivery by providing 
liquefied storage than by building an additional pipe line. A plant was 
designed and built with capacity to liquefy 4,000,000 cubic feet of gas 
per day and to regasify 3,000,000 cubic feet of liquid gas per hour. A storage 
capacity of 168,000,000 cubic feet of gas was provided in the form of three 
double-walled spherical containers, (See Fig. 1), 57 feet inside diameter and 
with about three feet of cork insulation between the two shells. 








SECTION VIII—CONTAINERS 


669 


It was planned that the tanks would be filled during the fall months so 
that the stored liquid could be regasified and returned to the distribution 
mains during peak demand periods in the winter cold spells. Since warmer 
periods usually alternate with extreme cold ones, it was believed that 
enough additional gas could be liquefied and stored between cold spells so 
that the containers would provide about twice their capacity or 3 36,000,000 
cubic feet of additional supply during the winter months. 

Research work was done to determine the best material to use in the 
portions of the containers subjected to the intense cold. The following nickel 
alloy steel was found to be satisfactory and less costly than other materials 
considered: 

Carbon .08 to . 12 % 

Manganese .30 to .60 

Sulphur .045 max. 

Phosphorus .04 max. 

Silicon .10 to .20 

Nickel . 3.25 to 3.75% 

This steel was deoxidized with a minimum of .08 percent aluminum added 
to the ladle and after rolling the plates were normalized at 1550 degrees F. 
After the above treatment, the steel had a grain size of 6 to 7 McQuaid and 
a Brinnell hardness of from 149 to 152. 

Because of unusually large temperature changes and resulting expansion 
and contraction, and because of the necessity of having a leakproof container, 
welding was considered imperative. Welding permitted the construction 
of the lower part of the inner shell in contact v/ith the insulation which 
would have been a serious problem with any other method. Satisfactory 
results were obtained by welding the special steel with electrodes having a 
composition of 25 percent chromium and 20 percent nickel. Best results 
were secured with a moderate amount of preheat, about 212 degrees Fahren- 
heit. Weld specimens were prepared in all required thicknesses and in all 
welding positions which consistently showed Charpy impact values when 
tested at 260 degrees Fahrenheit below zero of over fifteen foot pounds 
in either the weld metal, the fusion or the heat affected zones. 

Drawing, Fig. 2, is a cross-section showing the general construction 
and drawing, Fig. 3, the dimensions and detail design of one of the con¬ 
tainers. The inner shell is entirely supported by corkboard insulation in 
the lower part of the outer shell. The supporting columns and the outer 
shell are made of ordinary open hearth steel welded with mild steel coated 
electrodes. The entire weight of the container and contents is transferred 
to the columns through fillet welds between the outer shell and the column 
flanges. Granular cork insulation is used between the tw r o shells in the 
upper part where supporting strength is not needed, the granular material 
being equally efficient as an insulating material and less costly and easier 
to place than corkboard. 

Liquefied gas is pumped in and out of the container through the five-inch 
plug valve and the connecting pipe. The 18-inch pipe in the center of 
the container serves as a vent for evaporated gas and has a sliding fit at its 
upper end to accommodate expansion and contraction due to temperature 
changes. Both pipes are carried out in an insulated boot which increases the 
length of the heat path between the two shells. There is no metallic connec¬ 
tion between the two shells. The plug valve may be operated from the top 
of the container by removing an insulated cover. The vent pipe is adequate 
to carry off the maximum volume of gas which can evaporate under any 
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condition and to return it to the gas system. It is provided with duplicate 
safety valves set to relieve the container if the pressure should for any 
reason rise above five pounds per square inch. In the event the two relief 
valves should both fail to operate, duplicate rupture heads are provided 
at the top of the inner sphere which are tested to burst at seven pounds 
pressure. 

The space between the two shells is vapor'tight and a slight gas pressure 
is maintained by oil seals to prevent the entrance of any moisturedaden 
air which might impair the insulation. The liquid and vent pipes are pro- 
vided with copper bellows-type expansion joints to permit settling of the 
inner sphere as it filled, causing the supporting insulation to shrink both 
from the increased pressure and the lower temperature. 
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Fig. 2. Cross-section showing general construction. 


The top part of the outer sphere is provided with stiffening ribs to 
enable it to withstand the slight vacuum which occurs with reductions in 
the barometric pressure the oil seals having sufficient back pressure to 
prevent venting. 

When a container is first filled the liquefied gas evaporates until the 
inside metal and the adjacent insulation is cooled to the temperature of 
the liquid. The evaporated gas is reliquefied until temperature stability 
is reached, after which the rate of evaporation is very slow. The rate of 
heat flow from the outside to the inside of the container at average outside 
temperature is about 65 Btu per square foot per 24 hours. Each container 
has 13165 square feet of exterior surface. The daily heat transfer is, there' 
fore, about 855,000 Btu. To evaporate one pound of liquid gas at —255 
degrees F. requires 220 Btu. There would, therefore, -be 3890 pounds 
or about 91,500 cubic feet of gas evaporated per day. Since each container 
holds 55,840,000 cubic feet of gas it would take over 600 days to completely 
evaporate all of the liquid from one container. The best vacuum bottle or 
DeWar flask if filled with liquefied gas would be completely evaporated in 
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a few days. The higher thermal efficiency of the Cleveland containers is 
due to the much smaller surface area per unit of volume. This ratio increases 
with size since the volume of a sphere increases as the cube of the radius 
while the area increases only as the square. 

The completed cost of the Cleveland spheres including foundations, 
insulation, and accessories was $102,709 each. The net capacity of each 
container is 55,840,000 cubic feet. The cost was, therefore, $1839 per 
million cubic feet of gas stored. Each container required 287 tons of steel 

- 7-O’*. 



All Seams-inside and Outside Tank's 
to Be Butt weldeo. 

Plates For inside Sphere To Bb.3'^% 
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Remainder of Steel To Be Std Carson 


Diameter of inside Sphere- 57-6* 


Basis" of ; Design- 

Maximum- vapor Pressure - fo%* 
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Stress in Plates, 

Maximum Working UniT’-S-tress in 
Plates - 13,75.0* □* 

NET Capacity-55,840.000 CuFt Gas* 

, 89,300 C<J Ft LiOuid 
vapor Space 8 58% of net liquid volume 


Fig. 3. Dimensions and detail design of a container. 


or 5.13 tons per million cubic feet. More recent designs indicate that lique¬ 
fied gas containers may be built with a net capacity of over 200,000,000 
cubic feet and at a cost of $1314 per million cubic feet and requiring 4.3 
tons of steel per million cubic feet. Drawing, Fig. 4, shows the design of a 
container of 212,560,000-cubic-foot capacity. 

Water-sealed telescopic gas holders have been built in capacities of 
several million cubic feet. The largest all-welded water-sealed gas holder 
in Britain in 1938 had a capacity of 2,000,000 cubic feet and required over 
880 tons of steel. This holder would cost about $225 per ton at present 
or $198,000 or $99,000 per million cubic feet and would require 440 gross 
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tons of steel per million cubic feet. A 502,000-cubic-foot holder cost $45,000 
or about $89,700 per million cubic feet. 

Waterless or sealed-piston types of gas holders have been constructed 
with capacities in excess of 20,000.000 cubic feet. A 21,000,000 cubic-foot 
waterless holder built in 1937 at Gelsenkirchen, Germany, was the largest 
in the world at that time being 262 feet 6 inches in diameter and 443 feet 
high. Its weight is over 5000 tons or 238 tons per million cubic feet. This 
holder would cost about $200 per ton or $1,000,000 total, or $47,600 per 
million cubic feet of capacity. A 12,000,000-cubic-foot waterless holder 
built for the Citizens Gas and Coke Co. of Indianapolis, Indiana, is 218 feet 
in diameter and 394 feet high and required 6,400,000 pounds of steel and 
7,500,000 pounds of concrete. The cost is stated to be $700,000 or $58,300 
per million cubic feet and it required 269 tons of steel per million cubic feet. 

Pressure containers have been built in the form of spheres and bullets or 
blimps. In large capacities, spherical pressure containers are less costly than 
other shapes. The weight of spherical pressure gas containers per million 
cubic feet of free gas stored is theoretically the same for containers of any 
si^e or pressure. A 200-foot diameter spherical pressure holder has a volume 
of 4,190,000 cubic feet and at 34 pounds per square inch gauge pressure 
will release 9,680,000 cubic feet of gas. The total weight would be 5,250 
tons or 543 tons per million cubic feet and would cost $1,050,000 or $108,400 
per million cubic feet. 

The relative costs and weights of various types of gas containers are 
shown in Table I. 


TABLE I—RELATIVE COST AND WEIGHT OF GAS CONTAINERS 


Type of Container 


Approximate Per Million Cu. Ft. of Cap. 

Maximum She Cost Wt. of Steel Reqd. 


1. Spherical Pressure Containers. 10,000,000 cu. ft. 

2. Water Sealed Holders. 10.000,000 cu. ft. 

3. Waterless Gas Holders. 30,000,000 cu. ft. 

4. Liquefied Gas Holders. 2 00,000,000 cu. ft. 


$108000 543.00 tons 

$89000 440.00 tons 

$47600 238.00 tons 

$1314 4.30 tons 


The saving over the cost of the waterless gas holder, the next most 
economical type of container is $46286 per million cubic feet or 97.24 percent. 
The saving in the amount of steel required is 233.7 tons per million cubic 
feet or 9S.2 percent. The saving in space occupied is about 3912 square 
feet ground area per million cubic feet of capacity or about 98.8 percent. 

The above comparisons show that liquefied gas storage containers cost 
only a small fraction of previously available types. These comparisons accu¬ 
rately represent the container costs but they do not evaluate the over-all 
economic significance because in order to store liquefied gas it is necessary to 
first liquefy it. and in order to use it, the liquefied gas must be regasified. 
In the case of pressure storage, the cost of compressing is a comparable 
expense. With water-sealed or piston-sealed gasholders, compression is 
usually not necessary for storage but because of the necessarily low-storage 
pressures compression may be necessary after storage to overcome distribu¬ 
tion pipe resistance. A comparison between the total estimated annual costs 
of a representative pipe line with various amounts of liquefied storage will 
show most accurately the economic importance of liquefied gas containers. 

At the close of 1940 the investment in the natural gas industry in the 
United States was $2,414,490,000 or nearly double the capital employed in 
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Fig. 4. Design of container having capacity* of 212,560,000 cubic feet. 


the manufacture of automobiles. Natural gas is available in 34 states serving 
areas with an aggregate population of 35,000,000. In 1941, 7,824,000 
domestic, industrial and commercial customers used 1441.692 billion cubic 
feet for which they paid $492,717,000. Natural gas fields are found in 24 
states and the production, transportation and distribution of natural gas 
gives employment to about 70,000 persons. The total length of transmission 
lines in the United States is 195,130 miles of pipe ranging from 6 to 26 inches 
in diameter. 

A pipe line from Amarillo, Texas to Chicago, Illinois is 24 inches in 
diameter and 923 miles in length. It has ten compressing stations with a 
total of 71,250 horsepower. The capacity of this pipe line is 175 million 
cubic feet daily or 63,800,000,000 cubic feet per year. The total cost of the 
line is stated to be $75,000,000. 

Because of the fluctuation in demand, pipe lines without storage serving 
domestic and industrial consumers deliver only a portion of their annua, 
capacity. Table II, column 2, shows for the various months the ratio of gas 
delivered during that month to the capacity of the pipe line for a typical 
line serving industrial and domestic consumers. It will be noted that only 
in the month of December did the line deliver its rated capacity and the 
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average for the 12 months was 77 per cent of its rated capacity. Column 
4 indicates that if storage is provided in the amount of 1.101 times the 
monthly capacity of the pipe line it can be made to deliver its full annual 
capacity. In this column, the minus signs indicate withdrawals from storage 
and the plus signs additions to storage. Columns 5 to 10 show similar figures 
for deliveries of 94 per cent, 88 per cent and 82 per cent of capacity respec- 
tively. 

The cost of transporting gas in the pipe line referred to above is estimated 
to be as follows. 

Capital Investment ...—.$75,000,000 

Annual cost of capital basis 4% bond and sinking fund interest, 

life 40 years, salvage value 10% and taxes at 6% is 10.9471%.. 8,210,000 

Labor and supervision, 71250 h.p. at $5.25.... 374,000 

Maintenance and operation, 71250 h.p. at $1.54. 110,000 

Fuel at 10£ per MCF, 71250 h.p. at $8.78. 625,000 


Total Annual Cost 


$9,319,000 


The total annual delivery without storage is 77 per cent of the annual 
capacity of 63.8 or 49.1 billion cubic feet. The cost per MCF (1000 cubic 
feet) is 931,900,000 cents divided by 49,100,000 or 18.96 cents per million 
cubic feet. 

Table III shows the comparative cost of liquefaction, storage and regasifi- 
cation and the total cost of transporting gas including the storage cost for 
various amounts of liquefied storage. It will be noted that the cost per 
thousand cubic feet of added annual delivery resulting from the storage is a 
minimum of 5.95 cents at 82 per cent of capacity reaching a maximum at 88 
per cent of capacity then decreasing to 13.42 cents per thousand at 100 per 
cent of capacity. While it is true that the lowest cost per thousand cubic feet 
of added annual delivery occurs for the smallest indicated amount of storage 
this does not represent the most economical storage capacity when consider¬ 
ing the total pipe line costs. The cost per thousand cubic feet of total gas 
delivered ranges from a high of 18.96 cents per thousand without any storage 
to 17.66 cents per thousand cubic feet with sufficient storage to permit 
operation at 100 per cent of annual capacity. 

If we assume that the cost or value of the gas at its source is 10 cents per 
thousand cubic feet, the total delivered cost from the line without storage 
is 28.96 cents per thousand cubic feet. On the basis of sufficient storage to 
permit an annual delivery of 100 per cent of capacity the cost including the 
value of the gas at its source is estimated to be 27.66 cents per thousand 
cubic feet. This represents a saving of 1.3 cents per thousand cubic feet or 
4.5 per cent of the delivered cost of the gas from a pipe line without storage. 

Since the total value of gas delivered annually was stated to be $492,717,- 
GOO the saving would be 4 1 / 2 per cent of $492,717,000 or $22,200,000. 

It was also stated that the total gas deliveries in the United States were 
1,441,692,000,000 cubic feet. The total saving calculated on this quantity 
at 1.3 cents per thousand cubic feet is $18,750,000 per year. 

The total volume of storage which would be required so that all of the 
nation’s pipe lines could operate at full capacity based on Table 2 is 170 
billion cubic feet. This amount of storage if provided in waterless holders 
would cost $1,700,000,000. It obviously would be uneconomical to spend 
this amount to save $18,750,000 per year. Liquefied storage could be pro- 
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TABLE III—COMPARATIVE COST OF TRANSPORTING GAS WITH 
VARIOUS AMOUNTS OF LIQUEFIED STORAGE 


Total Storage, “billions of cu. ft. 0 

Annual Delivery, % of Capacity.. 77% 
Total Annual Delivery, billion cu. 

ft. 49.1 

Liquefaction capacity required, 
million cu. ft. per 24 hours.... 0 
Added Annual Delivery, billion 

cu. ft.. 0 

Capital Investment in Containers, 

millions of dollars. 0 

Capital Investment in Liquefaction 

Plant, millions of dollars.. 0 

Total Capital Investment, mil- 

lions of dollars.. 0 


Annual capital cost (1) of con' 

tainers at 10.524%. 0 

Annual capital cost (2) of lique- 

faction plant at 10.842%. 0 

Labor and supervision, estimated 0 

Maintenance and operation, e=t i' 

mated. 0 

Fuel at 25c per MCF = $43.95 
per million. 0 


Total Annual Cost. 0 


Cost per MCF added annual de- 

livery... 0 

Total Annual Cost including pipe 

line, millions of dollars.$9,381 

Cost per MCF, total gas delivered 18.96c 
Cost per MCF, including cost of 


Saving over no storage, cents per 

MCF.;. 0 

Per cent saving over no storage.... 0 


.341 

82% 

1.90 

86% 

3.88 

94% 

5.78 

100% 

52.3 

56.20 

60.00 

63.80 

6.38 

41.3 

48.2 

52.0 

3.20 

7.10 

10.9 

14.7 

$.448 

$2.50 

$5.10 

$7.60 

$.958 

$6.20 

$7.23 

$7.80 

$1,406 

$8.70 

$12.33 

$15.40 

$47,300 

$264,000 

$537,000 

$800,000 

104,000 

20,300 

672,000 

25,100 

784,000 

32,300 

845,000 

43,100 

4,000 

27,000 

31,000 

34,000 

15,000 

83,500 

170,000 

254,000 

$190,600 

$1,071,600 

$1,554,300 

$1,976,100 

5.95c 

15.1c 

14.25c 

13.42c 

$9,510 

18.2c 

$10,391 

18.45c 

$10,873 

18.10c 

$11,295 

17.66c 

28.2c 

28.45c 

28.10c 

27.66c 

.70c 

2.42% 

.51c 

1.41% 

.86c 

2.97% 

1.30c 

4.50% 


(1) Based on reference (19) Life 50 years, bond and sinking fund interest 4% salvage 
value 20%, taxes 6%, factor = 10.524%. 

(2) Based on reference (19) Life 40 years, bond and sinking fund interest 4%, salvage 
value 20%, taxes 6%, factor = 10.842%. 


vided for approximately $223,000,000 or at a total saving of $1,527,000,000 
ox er the cost of the best previous type of container. On the basis of 4 per 
cent interest the annual saving of $18,750,000 would justify a capital expendi¬ 
ture of $468,750,000 or over twice the cost of the liquefied storage. 

Conclusion 1, Liquefied gas storage containers have been made possible 
because Oa electric fusion arc welding which is the only known method of 
making seams in such containers which will withstand the severe temperature 
variations and remain leakproof. 

7, Liquened gas containers in the most economical sizes which have 
been designed cost only about 2.76 per cent as much as previously available 
types. 

3, Liquefied gas containers require only about 1.8 per cent of the amount 
o steel tor their construction as is required by the most economical type 
previously available. 

4, Liquefied gas containers require only about 1.21 per cent of the ground 
space required by the best previously known containers in this respect. 
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5, Liquefied gas containers may be used to increase the effective capacity 
of gas transportation lines with the maximum result that the lines may be 
made to deliver their full annual capacity and at a saving of approximately 4.5 
per cent of the cost of all gas delivered by the system. 

6, The total annual saving which should result from the complete use 
of liquefied gas storage in pipe line distribution systems only, is estimated 
to be $18,750,000 which capitalized at 4 per cent indicates the economic 
value of liquefied gas containers in this industry to be $468,750,000. 

7, Other advantages of the use of liquefied gas storage containers are 
that they permit continuous operation of gas wells, pumping facilities, and 
gas transmission lines at their optimum capacity and they provide large 
quantities of stored gas near the market as a reserve, reducing interruptions 
to service because of failure of pumping facilities, washouts of pipe lines, 
and other causes. 



Chapter II—Design and Production of Heat Exchangers 

By S. Arnold Smith, 

Chief Engineer, The Wkitloc\ Manufacturing Co., Hartford, Conn. 


Subject Matter: Developments in the design of heat exchangers 
with particular reference to storage water heaters. The design 
and production of heat exchangers and pressure vessels has been 
simplified and improved by the use of arc welding. The writer 
developed a method of producing welding neck flanges to meet 
storage heater requirements by fabricating them from bar stock. 
A full description of the method is given. The writer estimates 
the reduction in cost in favor of welded design to be $39.74 or 
27 Yl per cent. The saving by weight of materials is estimated 
to be 7 per cent. 


The design and production of heat exchangers and pressure vessels has 
been simplified and improved by the use of arc welding. Not only has arc 
welding enabled the designing engineer to use a lighter weight of raw 
materials, to produce a better product than was possible with previous 
methods of construction, but it opens up an almost unlimited field for types 
of construction which were practically impossible before the advent of 
welding. 

In designing heat exchangers, the engineer is confronted with the 
problems involved in designing for safe internal working pressures varying 
from vacuum conditions to pressures of 2000 pounds per square inch or 
more: for temperatures ranging from 200 degree F. or lower below zero to 
1000 degree F. or higher above zero; and for corrosive conditions requiring 
the use of almost every material capable of being formed and welded. 

The construction involved is frequently of such nature that the old 
methods of fabrication by means of castings and riveted designs are practically 
out of the question, either by virtue of excessive cost or of the difficulties of 
producing a satisfactorily finished product. Areas exposed to high operating 
pressure should be designed as compact as possible to reduce the total 
pressure area, thus holding the total pressure load to a minimum. Parts 
subjected to wide variations in temperature should be as flexible as possible. 
For these and many other conditions, welding is now an indispensable tool 
in the hands of the designer and manufacturer of heat exchange equipment. 

In this paper, it is proposed to touch very briefly on the general subject 
of heat exchangers, their use and application, and, selecting one regularly 
manufactured piece of equipment, point out the differences in design neces" 
sary in changing from riveted to welded construction and the benefits result" 
mg therefrom. 

What Are Heat Exchangers—The name is really selFexplanatory. Heat 
exchangers are used to effect the transfer of heat from any liquid, gas or 
vapor to another of these media. 

A tubular heat exchanger consists, essentially, of a number of relatively 
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tubes enclosed in a shell or casing, with means provided to keep 
the two fluids entirely separate from each other with absolutely no inter¬ 
leakage and, at the same time, comply with the factors involved in the 
efficient design of such equipment, namely relatively high velocities to in¬ 
crease the rate at which heat is transferred from the one fluid to the other, 
and relatively low pressure losses to reduce pumping costs and loss of head 
pressure. 

Large numbers of heat exchangers are used in the oil refining and chemical 
industries, in central power stations and in the food industry. In fact, they 
appear in some shape or form in almost every industry and most large 
buildings. 

In some cases, exchangers are used simply tG get rid of unwanted heat. 
For instance, it is necessary to remove the heat, generated by friction, from 
lubricating oil circulated to large bearings in turbines, generators and 
prime movers in general. In heat treating steel plants, heat from the quench¬ 
ing oil generated by quenching quantities of steel from temperatures of about 
1600 degree F. must be removed. In internal combustion engines, the jackets 
must be kept cool, otherwise the engine would be quickly overheated and 
ruined. The life of the engine is greatly prolonged by using clean or prefer¬ 
ably distilled, cooling water, and the heat absorbed by the jacket water is re¬ 
moved by circulating it through a water-cooled heat exchanger, using any 
available supply of cooling water. These are all examples of unwanted heat, 
and while in some cases the heat can be transferred to some other fluid and 
used to advantage, the conditions are such that it is usually more practical 
to transfer it to a suitable source of cooling water and discharge it to waste. 

Another example of unwanted heat occurs in distillation processes w T here 
the latent heat of steam or vapors must be removed to condense, or reduce 
to the liquid phase, the products of distillation. Frequently, a part of this 
latent heat is used to economic advantage in preheating the cold feed to the 
evaporator, or to vaporise other liquids which can be evaporated at a tem¬ 
perature lower than that of the vapors being condensed. After recovering 
all the latent heat which can be used in this manner, in a specially designed 
heat exchanger or condenser, the balance is removed in a vapor condenser. 
It is frequently desirable to cool the condensed products from the condensing 



Fig. 1. Riveted type storage Heater. 
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temperature to approximately room temperature, and this is accomplished 
either by making special provisions for condensate cooling in the vapor 
condenser itself or by subcooling the condensate in a separate liquid cooled 
heat exchanger. 

In central power stations, steam is generated at high pressures and ex^ 
panded through a turbine, and a portion of the heat energy therein is 
converted into useful work. A small percentage of this steam is bled , at 
several points from the main turbine and used to preheat the condensate 
stream to a relatively high temperature before its return to the boilers. 
However, after expanding the steam to the lowest practicable pressure, the 
latent heat still remaining must be removed by means of a water cooled 
condenser so that the necessary vacuum may be obtained, and the com 
densate recovered to be returned again to the boilers. All heat rejected to 
the cooling water must be considered as lost. 




D°ue>i^, -W' 1 - Y-j'c.V.r^ia 


Fig. 2a. Typical details ol longitudinal and girth seams for welded storage heaters. 


The amount of fuel used, either directly or indirectly, by the nation’s 
industries, to generate heat which must subsequently be gotten rid of, is 
very large and constitutes a considerable drain on our natural resources. 
However, engineers, scientists and others engaged in the design and maim 
tenance of industrial plants are fully aware of this fact, and the use of heat 
exchangers is rapidly increasing wherever they can be used to economic 
advantage. 

For instance, in the oil refining industries, a great deal of the heat 
generated from fuel is recovered and used again by the efficient location of 
heat exchangers in the various fluid streams to transfer heat from one fluid 
to another. Hot liquids or vapors are passed through one circuit of a heat 
exchanger, heating or vaporizing another liquid entering the other circuit 
at a lower temperature. 

Textile plants and laundries are large users of hot water at temperatures 
ranging up to 200 degree F. or higher. Having served its purpose, the water 
is of no further value and is rejected to waste. In this case, it is not only 
practical but highly economical to recover a large percentage of the heat 
content of the waste w^ater and transfer it to the incoming fresh water. This 
is accomplished by a special form of heat exchanger known as a preheater or 
heat reclaimer. An installation of this type reduces the fuel consumption of 
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the entire plant, representing not only a saving in dollars and cents to the 
owners but a worth while contribution to the conservation of our natural 
resources. 

Instantaneous and Storage Heaters —One of the simpler, but by no means 
less important, forms of heat exchangers is that used in the transfer of heat 
from steam to water for the production of hot water for various industrial 
and domestic purposes. Such heaters may be divided into two separate 
groups, instantaneous and storage. Instantaneous heaters are used when 
the demand for hot water is fairly uniform and steady, for instance, in heat¬ 
ing turbine condensate in central power stations, recirculating water in 
swimming pools, keeping overhead sprinkler tanks above the freezing 
temperature and for supplying hot water radiation to large buildings, using 
steam from the low pressure boilers. 

In cases where the hot water demand is irregular, the storage type of 
heater is desirable and much more economical to operate. Such conditions 
occur in hotels, schools, hospitals, institutions, industrial buildings, etc., 
where hot water is needed for showers, lavatories and general purposes; 
in laundries, where large quantities of hot water are required in the launder¬ 
ing of clothes; and in textile mills, bleacheries, dye houses, meat packing 
houses, etc., some of which use large quantities of hot water with an un¬ 
even demand rate. 

The principle involved in the design of a storage heater is to provide 
ample storage capacity to supply sudden hot water demands and to propor¬ 
tion the arrangement and amount of heat transfer surface to produce the 
required amounts of hot water so that steam for heating the w’ater will be 
drawn from the boiler at a fairly uniform rate without violent fluctuations. 
This requires a rather carefully detailed study of the requirements of each 
installation. A storage heater to be installed in a hotel, for instance, will be 
required to supply hot water at, say, 180 degree F. for a known number of 
shower heads, hot water faucets and other demand points. The amount of hot 
water which these fixtures may be expected to draw is fairly well established 
and, as a matter of interest, is included in Table I. Of course, it is very un¬ 
likely that all of these fixtures would be in use at any one time so that after 
listing the fixtures and totaling the theoretical amount of hot water required, 
this total is reduced by applying a percentage “use” factor, also indicated 
in Table I, which has been proved by experience to be conservative. This 
then gives us a reasonably close approximation of the rate at which hot 



Fig. 2b. Typical welding details for flanged piping connection on storage heater. 
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water must be produced to satisfy the requirements, and knowing the steam 
pressure which will be used as a heating medium, the amount of heating 
surface and its proper arrangement to produce these results are readily 
determined by the designer. 

The hot water storage capacity necessary to provide hot water at all 
times must also be determined. This involves a study of the sequence in 
use of the various fixtures and probable duration of use at any one time. In 
a large hotel, shower baths, for instance, may be taken by guests at any hour 
of the day or night, but this demand is not likely to be concentrated. On the 
other hand, in schools there is a rush for the showers at the end of each 
gymnasium period and the hot water storage must take care of this brief but 
heavy load. Experience has shown that by multiplying the hourly heating 
capacity previously determined by a factor which depends upon the type of 
building involved, a satisfactory storage capacity is determined. As an 
example, referring to Table I, supposing it is determined that the hot water 
fixtures of a large hotel indicate the use of hot water at the rate of 5000 
gallons per hour. It is known from experience that these fixtures will not 
all be used all the time so we multiply by the “use” factor of 25 per cent. 
In other words, if the heater heats at the rate of 1250 gallons per hour, it 
will, in all probability, have ample heating capacity. The hot water storage 
capacity would then be 80 per cent of the hourly heating capacity or approxh 
mately 1000 gallons. This method of determining the amount of heating 
capacity and storage is, of course, approximate and, in general, conservative. 
The architect or engineer using this method must also temper his judgment 
with his own background of experience. 

In textile mills, laundries, paper mills and other industries, it is frequently 
necessary to make a detailed survey before the requirements can be accurate' 
ly determined- Sometimes it is necessary to install one or more water meters, 
preferably of the recording type, to determine the demand rate. This, in 
addition to a study of the sequence and duration of operations demanding hot 
water, usually provides the designer with enough information to proceed 
with confidence. 

In view of the importance and widespread use of storage heaters, and 
the fact that one or more such heaters is in operation in practically every 
large building requiring hot water, the writer has elected to illustrate, in 
this paper, the changes and advantages of the welding of storage heaters as 
compared wtih riveted construction. 

Storage Heaters—Storage heaters, as such, apparently made their appear' 
ance in the period of 18S0 to 1890, and their use increased rapidly as their 
advantages became obvious. Riveted construction was considered the standard 
and preferred design until recent years. Early attempts to fabricate these 
heaters by welding were not too successful, due principally to the lack of 
any perfected welding technique. Furthermore, it was not realized that 
changes in design were necessary in some cases before a satisfactory welded 
job could be accomplished. As the result of inferior welding, welded 
heaters were quickly earmarked as inferior to riveted heaters, and the sales 
resistance toward welded heaters, not only on the part of the purchaser but 
on the part of the salesmen as well, was not overcome until the advent of a 
carefully planned procedure control, using welders regularly qualified in the 
prescribed manner. 

Several weird designs appeared in the picture during the transition period 
between riveting and welding before a satisfactory welded heater was pro- 
duced. An example of this was a combination of riveting and welding, in 




Table I—Hot Water Fixture Capacity for Various Types of Buildings 

Figure at a Final Temperature of 180 Degree F. Gallons of Water Per Hour Per Fixture 
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which the manufacturer first riveted the seams and afterwards fillet welded 
the edges of the longitudinal and girth seams. Needless to say, in welding 
the seams, the rivets loosened and leaked so that in order to make the shell 
tight, it was frequently necessary to deposit a bead of welding around many 
or all of the rivet heads. 

Riveted Design—Fig. 1 illustrates a riveted type of storage heater. This 
heater consists, essentially, of a cylindrical shell enclosed at both ends acting 
as a water storage reservoir containing a steam actuated heating element 
located as low as possible. Steam admitted to the interior of the tubes heats 
the water contained in the shell. The shell is designed to withstand the 
normal pressure in the water mains to which it is connected and which is 
usually in the vicinity of 100 pounds per square inch gauge. The longitudi¬ 
nal seams are usually of the double riveted lap type in sires up to 60 inches 
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Fig. 2c. Typical welding details for screwed piping connection an storage heater. 


in diameter. For larger diameters, they may be triple riveted lap, double 
riveted, double butt, or triple riveted, double butt, depending upon the 
diameter, working pressure and efficiency of seam required. The girth seams 
are usually single riveted lap. A manhole, of the integral flanged type, 11 
inches x 15 inches, with yoke and cover, is incorporated to provide access 
to the interior in all but the smaller sizes. Piping connections for water inlet, 
outlet, drain and miscellaneous connections are castings or forgings riveted 
in place. The port to which the heating element is attached is a casting 
riveted to one of the concave heads or to the side of the shell in vertical 
heaters. 

Stocking plates and heads for the immediate production of storage 
heaters after receipt of orders is simplified by adhering, as far as possible to 
a set of standard shell diameters and lengths. A list of our standard sizes 
of storage heater shells is given in Table II. Special sizes are frequently 
manufactured to order when limitations of space prevent the installation of 
a standard size. 

It should be noted that the headport to which the tube sheet and steam 
distributing head are bolted is a casting, for which a pattern is required. 
Since there are many combinations of heating capacity, storage capacity and 
design pressure, and since these castings must fit the contour of the flanged 
and dished heads of horizontal heaters or the shells of vertical heaters, the 
initial cost and maintenance of pattern equipment is a substantial item. 

Welded Design—Storage heaters are unfired pressure vessels and, as 
such, must be designed and fabricated in accordance with existing safety 
regulations provided by the law’s of the state or municipality in which the 
installation is to be made. Rules covering the construction of unfired pres¬ 
sure vessels have been worked out in detail by the American Society of 
Mechanical Engineers and are presented in Sections 8 and 9 of the A.S.M.E. 
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Table II—Storage Capacity and Over-All Dimensions of Standard Sizes of 

Shells for Storage Heaters 


Storage Capacity 
in Gallons 

Shell Dia. 
Inches 

Length O.A. 
(Inches) 

Weight 

(Pounds) 

60 

18 

60 

400 

75 

18 

72 

450 

110 

24 

60 

600 

130 

24 

72 

700 

150 

24 

84 

800 

170 

30 

60 

750 

200 

30 

72 

850 

240 

30 

84 

950 

280 

30 

96 

1050 

340 

36 

84 

1300 

400 

36 

96 

1450 

450 

36 

108 

1600 

500 

36 

120 

1800 

530 

42 

96 

1850 

680 

42 

120 

2150 

800 

42 

144 

2500 

970 

42 

168 

2900 

870 

48 

120 

2850 

1050 

48 

144 

3250 

1250 

48 

168 

3700 

1400 

48 

192 

4100 

1100 

54 

120 

3250 

1300 

54 

144 

3700 

1500 

54 

168 

4200 

1800 

54 

192 

4700 

1300 

60 

120 

4300 

1600 

60 

144 

4900 

1900 

60 

168 

5600 

2200 

60 

192 

6200 

2300 

72 

144 

6500 

2700 

72 

168 

7300 

3100 

72 

192 

8100 

3700 

84 

168 

8800 

4300 

84 

192 

9700 

4900 

84 

216 

10.600 

5500 

96 

192 

12,500 

6300 

96 

216 

13.800 

7000 

96 

240 

15.000 

7800 

96 

264 

16,200 

9050 

108 

240 

18,700 

10,000 

108 

264 

20,200 


Code for Unfired Pressure Vessels. These rules specify, in detail, the proce¬ 
dure by means of which welders may be qualified for welding unfired pressure 
vessels and the materials which may be used in their construction. The 
materials are specifically identified by reference to corresponding A. S. T. M. 
Specifications where applicable. 

When designed and manufactured in accordance with the requirements 
of the A. S. M. E. Code and so stamped, the pressure vessel is acceptable for 
insurance purposes. Several states and a number of municipalities have 
adopted the A.S.M.E. Code and pressure vessels coming within the scope 
of the Code must be designed and manufactured in accordance with the 
provisions contained therein before acceptance. 

Since the details involved in selection of materials to the proper specifica¬ 
tions, the preparation and shaping of parts to be welded, and the proper 
procedure control of welders are all fully outlined in the A.S.M.E. Code and 
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are, therefore, matters of common knowledge, it is unnecessary, for the pun 
pose of this paper, to go into this phase of the subject in greater detail. As 
a matter of interest, however, a number of typical welding details are in¬ 
cluded in Fig. 2a, 2b and 2c. It should be added that all welding used in 
the construction of these storage heaters is shielded arc, using a cellulose 
coated rod. 

Of special interest in the construction of these heaters is the port in which 
the heating element is installed. Formerly, this was an iron casting riveted 
in place, as shown in Fig. 3. Before it could be satisfactorily welded, how¬ 
ever, the design had to be very substantially changed. The details of the 
port as redesigned are outlined in Fig. 4. The cylindrical portion consists, in 
the smaller sues, of a short length of steel pipe. In larger sues, it is more 
economical to roll up a piece of steel plate with a butt welded longitudinal 
seam. By making the cylinder of the necessary thickness and allowing it to 
protrude inside the flanged and dished head, sufficient reinforcement is pro¬ 
vided to compensate for the metal removed in cutting out the section of the 
head to permit passage of the heating element. The bolting flange, to which 
the tube sheet and steam chamber are bolted, may be fabricated either by 
Van Stoning the end of the cylinder and providing a suitable backing up 
flange, or by welding on a steel plate flange, or by butt welding on a welding 
neck type of flange. The welding neck flange is preferred since only a simple 
butt weld is required to attach it to the cylindrical part of the port, but the 
cost of the welding neck flange itself is considerably greater than that of a 
steel plate flange. 

Recently, the writer developed a method of producing welding neck 
flanges to meet our storage heater requirements by fabricating them from bar 
stock. These rectangular bars, of the proper cross section, are scarfed and 
butt welded end to end to form a continuous length of 60 to 100 feet, depend¬ 
ing upon the sue of bars and total weight involved. The bar is then drawn 
slowly through a gas furnace, where it is heated to about 1500 degree F. 
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and immediately coiled on a standard pipe bending machine in a spiral coil 
to approximately the required diameter. While still hot, each complete circle 
is torch cut and flattened. The ends are scarfed with a torch and butt welded. 
A few minutes machining on a vertical turret lathe and the welding neck 
flange is complete, ready for drilling the bolt circle. Since only a relatively 
few sizes are involved and the requirements in each size are fairly large, by 
taking advantage of quantity production, we are able to produce these 
flanges for substantially less than the cost of forged steel flanges purchased 
in the open market, with the added advantage that they can be manufactured 
for stock at our convenience, utilizing our own labor and equipment. They 
are also used as bolting flanges, for other types of heat exchangers, which 
increases their use considerably. 

We have also recently adopted the practice of welding in the manhole 
frames instead of having them flanged integrally with the head at the mills. 
It was previously our standard practice to stock plain flanged and dished 
heads for one end of each different shell size and a corresponding number of 
heads with integrally flanged manhole frames, as shown in Fig. 5, for the 
other end. By welding in the manhole frame, as indicated in Fig. 6, we are 
able to substantially increase the flexibility of our stock, by stocking plain, 
flanged and dished heads only. The collar forming the gasket surface for the 
manhole cover is made amply strong to provide the necessary reinforcement 
to compensate for the metal removed from the head and fully complies with 
the requirements of the A.S.M.E. Code. 

Other Advantages of Welding—It is a well known fact that water at 
a low temperature can hold more oxygen in suspension than w T ater at a higher 
temperature. Therefore, water saturated with oxygen at its normal ground 
temperature is forced to release it as its temperature is raised. At 212 degree 
F. it is nearly all released. In storage heaters, the usual practice is to heat 


FOKGiEP* STEEL 
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Fig. 4. Detail of welded head port nozzle. 
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water from the ground or tap water temperature, which is usually in the 
range of 40 degree to 70 degree F., up to a final temperature of 180 degree F. 
The temperature is controlled at 180 degree F. by means of a temperature 
regulator which automatically shuts off the steam when the desired water 
temperature is reached. It is clear, therefore, that in heating water through a 
temperature range of over 100 degree F., a considerable percentage of the en- 
trained oxygen is released. This released oxygen immediately tends to react 
on the interior surfaces of a heater with steel shell, producing iron oxide or 
rust. This condition is undesirable for two reasons. First, because the cor¬ 
rosion, once started, usually continues until a point is reached where the shell 
must be replaced. Second, rusty water is a very great nuisance and consider¬ 
able labor is frequently required in cleaning the heaters periodically to keep 
the water as clean as possible. Some grades of water are more corrosive than 
others, but in many cases water contains scale-forming elements which are 
precipitated on the steel surface as the temperature is raised, thus forming a 
protective coating over the steel and substantially reducing the rate of cor¬ 
rosion. 

In answer to a demand for storage heaters in which the rusty water 
nuisance is eliminated, rust resisting enamels of many different makes have 
been tried, both experimentally in the laboratory and under actual service 
conditions. Few of them will stand up for any length of time, and even the 
most resistant ones usually have to be renewed every few months to give 
adequate protection. Galvanic in g and other corrosion retardents have been 
used with more or less success. 

Since, in many processes requiring hot water, even small quantities of 
iron cannot be tolerated, the preferred solution in such cases is a design in 
which the water comes in contact with nothing but non-ferrous metals in 
passing through the heater. Thus, many storage heaters are built with 
steel shells lined throughout with copper or other non-corrosive metals. 
Though it is not impossible to line the interior of a riveted shell, the de¬ 
signer has to contend with rivet heads and butt strap joints. The problem is 
§ r eatly simplified in a welded shell using butt welded seams which produce 
a s mooth interior. 
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Storage heaters are also manufactured from steels clad on one side with 
non-corrosive metals such as stainless steel or nickel. Welding much simpli¬ 
fies the manufacturing of such materials. Using butt welded seams, the 
abutting steel parts of the plates are electric arc welded, using a cellulose 
coated steel rod, while the abutting clad portions of the bi-metal plates are 
welded with a rod of the same material as the cladding. Thus, the interior 
of the heater may be entirely stainless steel when fabricated from stainless 
clad steel plates or entirely nickel when using nickel clad steel plates. The 
use of bi-metal plates rather than solid stainless steel or nickel has the ad¬ 
vantage of lower cost. 

Storage heater shells constructed entirely of copper silicon alloy plates 
are also found very satisfactory in combating corrosion. This alloy, consisting 
of approximately 95 per cent copper and 5 per cent silicon, has a tensile 
strength closely approaching that of mild steel and corrosion resisting 
properties similar to those of copper. Riveting shells constructed of this 
material has not proved too satisfactory since the alloy has a relatively low 
yield point and there is a tendency for the rivet holes to pull out of shape 
during the hydrostatic testing of the completed heater. Excellent results, 
however, are produced by welding. 

Comparative Cost Data—In setting up comparative costs of riveted versus 
welded heaters, the comparison should be made on the basis of storage 
heaters in which the shells are manufactured from steel rather than from 
some of the materials previously described, since the number of steel shell 
storage heaters being manufactured is much greater than those constructed 
of other materials. A clear picture in regard to what welding has done to 
reduce the cost of manufacturing is obtained by comparing the complete cost 
of a riveted heater with the complete cost of a welded heater rather than 
comparing costs of the component parts. 

The cost comparison has been set up for a medium sited heater with a 
shell diameter of 48 inches and an over-all length, face to face of flanged 
and dished heads, of 144 inches. The thickness of shell plates is J^-inch 
and thickness of the heads 1 / 2 'inch.. In each case, the material, both for shell 
plate and heads, conforms with A.S.M.E. Code Specifications S-l and 



Figr. 6. Welded manhole frame. 
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A.S.T.M. Specification A"70, latest edition. The cost of the heating element, 
consisting of tubes and tube sheet assembly, steam distributing head, bolts, 
nuts and gaskets are the same for either riveted or welded designs. There" 
fore, these items are omitted from the comparison. 

The cost of maintenance of factory equipment, power and overhead are 
practically the same for either riveted or welded construction. The per" 
centage difference in cost of sizes other than the one upon which the cost 
comparison was made will depend upon several factors, such as the number 
of shell plate courses, size of port for heating element, etc., but the above 
may be considered as a fair indication of the average percentage reduction 
for all sizes as listed in Table II. 

Figures relating to the average number of storage heaters manufactured 
yearly are not available to the writer. It is estimated, however, that the 
figure runs into several thousands, of which this company manufactures 
a substantial percentage. 


Riveted Steel Shell 


Weight 

2—Main Shell Plates, thick. 2248 lbs. 

1—48' / O.D. X W' thick Flanged and Dished Head 

(Plain) .1. 375 

1—4S"O.D. X V 2 " thick Flanged and Dished Head 

with 11" X 15" Integral Manhole Frame. 360 

1—11" X 15" Manhole Cover complete.. 40 

4—4" Riveted Type Nozzle Flanges.—-.1 

1—114" .Flange.I 70 

1—1".’ ” .I 

1—34". ” .J 

1—Cast Iron Headport Nozzle. 125 

Rivets . ISO 

3398 lbs. 


Direct Labor 

Lay out, shear, plane 6? roll. 

Punch rivet holes. 

Assemble for riveting. 

Rivet 6? caulk. 

Machine headport nozzle.... 
Hydrostatic test . 


Cost 


$56.40 

20.89 

28.11 

6.00 

9.73 

10.30 

9.00 


$140.43 


$5.60 

9.40 

5.40 
21.70 

5.40 

2.90 


$50.40 


Total cost of raw materials......$140.43 

direct labor.—... 50.40 


Total material direct labor...$190.83 

Note:—The cost of raw materials is based on purchasing those which are sub" 
ject to quantity discounts in sufficient quantity for the production of twenty" 
2ve heaters. Direct labor cost records are kept continually by the Company, 
vd those included in the above comparative cost analysis were derived from 
' source. 
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Welded Steel Shell 


Weight 

2—Main Shell Plates, 34" thick. 2144 lbs. 

2—48"O.D. X V 2 " thick Flanged and Dished Heads 

(Plain) . 725 

1— Y4' X 3" X 48" Steel Plate for Manhole Frame 30 

1—ll 7 ' X 15" Manhole Cover complete. 40 

4" Welding Spuds. \ 

]4" ” Snud „ 

//•>•> 1 


X 14" X 48" Steel Plate for Headport 

Nozzle . 71 

1—2jX /r X 2J4" X 56" Steel Bar for fabrication 

of Headport Welding Neck Flange. 80 

Cellulose Coated Welding Rod. 35 


Cost 

$53.85 

41.78 

.76 

6.00 


1.78 

3.20 

2.27 


3160 lbs. $114.56 


Direct Labor 

Lay out, shear, plane & roll. $5.36 

Assemble for welding . 5.40 

Weld & chip..... 18.22 

Fabricate 6? weld manhole frame. 2.25 

Cut, roll &P machine headport nozzle. 3.80 

Hydrostatic test. 1.50 


$36.53 


Total cost of raw materials..$114.56 

” ” ” direct labor. 36.53 


Total material & direct labor.$151.09 

Cost of Raw Materials & Direct Labor—Riveted.$190.83 

" ” ” ” ” ” M —Welded. 151.09 

Reduction in Cost in Favor of Welded Design. $39.74 

Percentage Reduction in Cost = 20.8%. 

Weight of Raw Materials Used in Riveted Design. 3398 lbs. 

” ” ” Welded 11 3160 

Reduction in Weight in Favor of Welded Design—. 238 lbs. 

Percentage Reduction in Weight =7%. 

Cost of Direct Labor — Riveted Design.$50.40 

” ” ” ” — Welded ” . 36.53 

Reduction Direct Labor Cost.$13.87 

Percentage Reduction in Cost = 27 1 /2%- ... 
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Fig. 7. A complete welded storage water heater. 

Social Advantages—Hand riveting and caulking operations are extremely 
noisy. One has only to spend a few minutes near an operator caulking a 
riveted seam inside a closed budding to be convinced of this. If the only 
social advantage gained by the change from riveting to welding was the 
elimination in the factory of the noise nuisance from this source, the change 
was worth while. But if riveting produces a noise nuisance in a factory where 
other noisy operations are in progress, the nuisance is many times amplified in 
a relatively quiet hotel, school or hospital when repairs become necessary. 

Welded heaters, Fig. 7, have not been in service nearly as long as many 
of the original riveted heaters so that it is perhaps unfair to say that welded 
heaters wall outlast riveted ones of the same grade and thickness of materials. 
However, it seems a reasonable assumption that as the shell plates of riveted 
heaters thin down by the corrosive action of the water being heated therein, 
the difficulty of keeping riveted seams and rivet heads tight will increase 
with the age of the heater until it is replaced, as it inevitably will be, by one 
of welded construction. It should also be added that heaters properly de¬ 
signed for the conditions under which they are to operate, and welded by 
experienced and properly qualified welders, are practically trouble free in 
service and require no noisy and expensive repairs. 

, Finally, the saving of approximately 7 per cent by weight of materials 
which are of strategic importance to the United States, and the saving in 
labor of approximately 2 J 1 /^ per cent, is worth while at any time, but under 
the presen z Nan or. a: Emergency, when every effort is being strained to 
produce more goods in a shorter period of time, the saving in time and 
materials by welding is particularly desirable. 










Chapter IH—The Drumless Boiler 


By Robert E. Moyer, Jr., 

Vice-President in charge of Engineering , Heilman Boiler Wor\s, Allentown, Pa. 



Subject Matter: The drumless boiler for high pressure steam 
generation. All headers and tubes are less than 18 inches in 
diameter and details of boiler construction are shown in photo- 
stat figures. All welding is either fillet or circumferential by a 
qualified welder. Header X-rayed only if exposed to heated 
gases and stress relieved and tested to twice generating pressure 
or operating pressure. This design is submitted by the author with 
the approval of the inventor of the drumless boiler, John Phillips 
Badenhausen, M.E., M.M., Philadelphia, Pa. 


Robert E. Moyer, Jr. 


The scientific research of arc welding, coordinated with the other types 
of design and the adoption to practical applications perfected with X-ray, 
permits the boiler shop operator who was always limited in his manufacturing 
capacity, to build power plant boilers, superheaters, economizers and air- 
heaters in his small plant. This modem possibility and development is 
accomplished by arc welding and arc welding design. 

The power plant boiler which this idea and accomplishment refers to is 
not the low-pressure boiler, but boilers which will operate at a pressure range 
of 600 pounds per square inch and upward to 2,500 pounds per square inch 
pressure, with a steam generating capacity of 300 pounds per hour to 500,000 
pounds per hour or more, fired with pulverized coal, oil, waste heat gases, 
coal fired stokers or natural gas. 

The superheater, economizer, airheater boiler casing is constructed by 
welding, either in the shop or at the site of erection, depending upon the 
size of the unit handled. 

The company with which the writer is associated recently completed eight 
water tube boilers, each having a capacity of 36,000 pounds of steam per 
hour, designed for an operating pressure of 200 pounds per square inch, 
but this is not the type of compact design this paper refers to because these 
boilers were made with boiler drums. 

The Drutnless Boiler—The drumless boiler, (See Figs. 1 and 2), could 
not be built without welding for the high pressures which are demanded 
by industry. It would be very poor engineering to rivet steel or alloy metals 
two inches thick or four inches thick where high heat and temperature would 
cause fire cracks and other types of failures common to the power plant 
boilers, even at thicknesses of less than one inch. This, the common failure, 
is very unlikely in the drumless boiler because there is no large boiler drum. 

The boiler manufacturer can build these new boilers with less shop 
machinery and compete with the largest boiler manufacturer in business 
today. The plate rolls, the press, the mammoth planer, that were requm|f 
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and restricted the small boiler shop and limited the field of competition. 
These costly tools or machines create large plant overhead, raise the selling 
price of the product and they are not now the essential machinery. 

The drumless boiler has many other important features; namely, this 
boiler requires less steel to build, in several instances one third of the steel 
by weight was saved, yet the boiler capacity remained the same in pounds 
of steam generated per hour. The labor hours to manufacture this drumless 
boiler in all cases were estimated and were found to be 20 to 30 per cent less 
for the same capacity boiler. The time for field erecting in labor hours and 
field time were greatly reduced because of the design and it simplified erec' 
tion. 

The designer of this new drumless boiler is an engineer who has designed 
over 500 large^size power plants. One plant operated at 86 per cent efficiency 
and was of water tube design. One of the drumless boilers is now under 
construction and will operate at 800 pounds working pressure. 

The photostats, Figs. 1 and 2, of the small boiler and the large boiler are 
included to show the new drumless boiler with the simplified construction. 

This design could- be adapted in the naval field because of the high 
pressure. With reduced weight, the fast steaming features our boats or ship 
cargos could be greatly increased without sacrificing steam generating 
ability and capacity. 

The A.S.M.E. boiler code committee has thoroughly covered the subject 
of boiler construction and the drumless boiler we are manufacturing has been 
approved by the Hartford Steam Boiler Inspection and Insurance Company 
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Fig. 2. Sectional plate. 


which definitely establishes the drumless boiler as practical from a manu" 
facturing standpoint as well as design. 

The boiler code committee states that tubes 18 inches in diameter and less 
shall be called tubes or headers and because no tube or part of the drumless 
boiler is greater than the established diameter of 18 inches, the boiler contains 
no drum. 
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The drumless boiler has no longitudinal joints to fabricate, therefore, no 
planer is required. 

The headers are constructed of high-pressure tubing purchased as tubing 
or pipe, therefore, no heavy plate rolls or press are required for fabrication. 
All the arc welding on this boiler is either filet or circumferential welding. 
The one end of the header is closed by inserting a blank plate inside the 
header and is arc welded in accordance with the welding procedure estab¬ 
lished by qualification and test. The top part of the header is closed by 
attaching a welding neck of flanged type with bolted blank flange. The key¬ 
cap, master holes and hand holes are drilled and back cut to suit the require¬ 
ments that any manufacturer adapts to his facilities. The tube holes are 
drilled and grooved, ready for tube insertion and expanding or welding. This 
header is X-rayed only if the part welded is exposed to the heated gases at 
high pressures. This we know will establish the appearance of the test plate 
and the quality of the welder for tensile, bending, elasticity, etc. Before drill¬ 
ing or putting any holes in the header, it must be stress relieved and then 
tested to twice the working pressure or operating pressure. 

The header is now completed and the most difficult part of the job is 
accomplished. Because the water wall headers are smaller and the super¬ 
heater header or headers are fabricated like the main boiler header, only a 
blank plate is used to close both ends. 

The boiler tubes in the side wall or water walls (circulator tubes and 
tubes in the various passes are usually selected for the conditions in the 
boiler) are considered to be three and one-quarter inches in diameter, super¬ 
heater tubes two inches in diameter and economizer tubes two inches in 
diameter. The tubes are bent to suit the location that they are to be used for 
integral connection. 

Another feature of the drumless boiler is the fact that each main header 
and the tube arrangement connecting the header can be shop fabricated as a 
complete element and can be shipped as an assembled unit, the entire unit 
weighing less than an old style boiler drum that would be made of two- or 
zhree-inch thick steel, depending on the designed pressure. 

A boiler to equal the one shown on the photostat with a marking of 
125,000 pounds would be made with two or three drums, one 60 inches in 
diameter, two or three inches thick and 26 feet long; another about 48 inches 
in diameter, length the same, thickness the same, the thickness being con- 
trollea by the operating pressure. If this type of boiler was to operate at 
1500 or 2000 pounds per square inch, you can appreciate the weight of this 
method against the drumless boiler method. 

The advantages accomplished by arc welding co-ordinated with designs, 
are as follows: 

I, Save steel for our nation now 7 at war, in large quantities, instead of 
trying to accumulate tons by saving hair pins, paper clips and razor blades. 

Build more boilers in any boiler shop. Heat treating and X-raying 
can be sublet if the shop that wants to make this work lacks this equipment. 

3, Produce better and higher pressure boilers for land and naval use at 
less cost to the national government. 

Increase our cargo capacity on our ships, or reduce the ship space, 
adding larger guns and carry more ammunition or food to our allies. 

5, Make boilers of higher pressures easier, simpler and faster. 



Chapter IV—Arc Welded Power Penstocks 
By.P. J. Bier, 

Senior Engineer, Bureau of Reclamation, Denver, Colorado 



Subject Matter: Progress in the application of arc welding on 
penstocks. The penstocks described are considered to be the first 
of such diameter with all joints double butt welded and radio' 
graphed, with every 20 foot section stressrelieved, and hydro' 
statically tested. The proportionate cost saving in percentage is 
41 per cent and the annual gross savings in an average year's 
construction program of the Bureau of Reclamation are estimated 
at approximately $920,000. The social advantages include a 
fuller protection of life and property. 


P. J. Bier 


The continuous improvements made during recent years in the art of 
fusion welding are responsible for a radical change in the joining and fabrh 
cation of steel structures. Riveted construction gradually gave way to welded 
construction until in some lines of work such as pressure vessels and water 
conduits riveting is rarely used today. The successful shopwelding of the 
huge Boulder Dam penstocks furnished the best proof that arc welding is 
fully reliable and economically sound. Further improvements made in weld' 
ing procedures since that time demonstrated the superiority of the arc 
welding process over riveted construction especially in the construction of 
conduits subjected to high heads where a smooth flow line and a conserva' 
tion of head and power is required. The high head penstocks at Shasta Dam 
on the Central Valley Project, in California, constitute a further important 
progress in the application of arc welding on pressure conduits. These pen' 
stocks are considered to be the first of such diameter and plate thickness with 
all joints double butt wielded, and radiographed, with every 20 foot pipe 
section stress'relieved and hydrostatically tested and with the entire installa' 
tion to be subjected to a hydrostatic pressure test equal to 150 per cent of the 
operating pressure to prove its safety under the most severe service condi' 
tions. 

Before arc welding proved its superiority, riveted joints were used for 
pressure conduits operating under various heads. For low head installations 
often woodstave pipe was used and for smaller pips operated under very high 
heads hammer forge'welded or banded pipe was used. In recent years 
reinforced concrete construction is sometimes used for low and medium head 
pipe lines when conditions are favorable for such installation. The high 
head under which many water conduits are to be operated precludes the 
use of reinforced concrete construction, as concrete although heavily rein' 
forced with circumferential hoop steel cannot be prevented from extensive 
cracking with resultant leakage and deterioration under such pressure. In 
addition, concrete not having the resiliency of steel could not absorb the 
heavy surges and water hammer shocks which occur in penstocks dgr - 

<597 * 






General plan Shasta Dam penstock. 
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turbine gate closure or in pump discharge lines due to reversal of the water 
column when the pump stops because of power failure. 

The Shasta penstocks no doubt represent the most advanced type of full- 
welded pressure conduits. Their design combines a number of favorable 
features to assure the ultimate in structural safety and hydraulic efficiency 
which can only be achieved with arc welded construction. In the following 
paragraphs the pertinent features of the design and construction will be 
briefly sketched. 

r ^ ^--i— Qkoe*-o r^n^fnnks will serve five turbines each 


factor. The units will be ope__ 

a maximum head of 475 feet. The penstocks are 15 feet in diameter starting 
with a concrete bellmouth entrance at elevation 815 at the axis of the dam* 
then running radially through the dam at that elevation to a bend from which 
they proceed at an angle of from 14 to 16 degrees to a second bend enclosed 
in the upper anchor, following which they continue on a slope of 45 degrees 
to a third bend enclosed in the lower anchor where they level off to the 
turbine inlet at elevation 586, as shown in Figs. 1 and 2. 

The penstocks are protected at the bends, with massive reinforced con¬ 
crete anchors and are provided with expansion joints for each tangent to 
permit free temperature movements in the pipe line. The upper ends are 
embedded in the dam concrete and below the dam the penstocks are sup¬ 
ported on heavy cast steel rockers as shown in Fig. 3, which are grouted 
into reinforced concrete piers and set in accordance with the prevailing 
temperature. The supports are spaced at 60-foot centers and closer at the 
expansion joints. 

The pipe shell is stiffened at the points of support with double ring 
girders provided with supporting brackets over the rockers, as shown in 
Fig. 4. These ring girders will prevent deformations in the shell due to the 
pipe and water loads, concentrated at the supports. All bends are designed 
with long radii and small deflection angles as shown in Figs. 5 and 6, for 
improved hydraulic efficiency. The upstream embedded pipe and the bend 
sections are provided with temporary structural steel supports for use during 
installation and concreting. The expansion joints are shown in Fig. 7 and 
are oi the stuffing-box type, machined to provide a close fit between moving 
parts. A brass seat ring is placed at the base of the stuffing box to retain 
the nine rings of V/^inch square lubricated flax packing compressed by 
the packing gland. The inner expansion sleeve is provided with a Z l / 2 per 
cent nickel-clad surface to prevent its corrosion and sticking to the packing 
gland. Both expansion sleeves are made from extra heavy steel plate, the 
outer sleeve being also reinforced with two stiffeners to prevent its deforma¬ 
tion and improve the water tightness of the joint. The packing can be 
uniformly compressed with eighty 1-inch studs in the gland. 

The five penstocks vary in length from 798 feet to 931 feet, and are 
made accessible with 20 inch diameter manholes located at 45 degrees from 
the invert. The upstream ends are protected with temporary dished bulk¬ 
heads for protection against high vcater during construction. The penstocks 
are designed for a maximum static head of 479 feet plus a maximum water 
hammer head ot 180 feet based on a minimum turbine gate closure of 
4-seconds for a full gate-opening or full gate-closing stroke. The embedded 
pipe was designed to carry the total head (static and water-hammer) at a 
hoop stress equal to two-thirds of the yield point of the steel plate the 




Fig. 3. Rocker support assembly, 
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pipe below the dam was designed to carry the total head at a combined stress 

:ld point of the steel. The specifications provided 
aea jom^ in the shell are to be radiographed, further that 
fipe sections shall be stress'relieved and hydrostatically tested at a hoon 
:ss of 22,000 pounds per square inch, to prove the safety of the 
This fabrication procedure permitted the use of a joint efficiency of 95 
er cent, in accordance with the A. P. I.'A. S. M. E. code for unfired fusion' 
;elded pressure vessels. The computed shell thicknesses vary from %'inch 
: upstream end to launches at the lower end. All joints in the pipe 
eu are double butt'welded, except the field girth joints opposite the con' 
traction joints in the dam. These joints are provided with outside buttstraps 
welded to the pipe at the upstream edge. The butt'joint in the pipe shell 
will remain umwelded until after the concrete in the dam has cooled off 
and the contraction joints are grouted tight. After the grouting is com' 
pleted the slip^joints will be welded up from the inside of the penstocks. 
The outside of these slip'joints are protected with asbestos sheet packing, 
extending for 5 feet at each side of the joint, to prevent a bond between 
the steel pipe and concrete, reducing thereby the fixity of the pipe and a 
tendency of cracking in the weld. Each penstock is provided with a by'pass 
and drain connection near the upstream end, for filling and drainage pur' 
poses, also with piezometer and pitot tube connections for pressure and 
velocity determinations in connection with the turbine performance tests. 
At the downstream end each penstock except No. 5 is provided with a 
lateral for connection of 36dnch diameter penstocks leading to two 3500 
horsepower station service turbines connected to 2500 kilowatt generators. 

Steel Plates—The steel plates used are of the firebox quality, grade B, 
in accordance with the standard specifications for low tensile strength carbon 
steel plates, A. S. T. M. designation A'89, of the American Society for Test' 
ing Materials. Tests were made of every heat of steel at the mill, twenty'one 
of which, including thicknesses from 1 inch to 2 1 /2 inches, showed the 
following range in physical and chemical properties: 


Yield point . 28,560 to 43,200 p. s. i. (average 33,000) 

Tensile strength. 55,160 to 61,950 p. s. i. ( “ 58,000) 

Elongation in 8'inches. 25 to 37% ( “ 30) 

Carbon .14 to .22% (average .17 ) 

Manganese .43 to .58% ( “ .50 ) 

Silicon .08 to .10% ( " .09 ) 

Phosphorus.010 to .016% ( “ .012) 

Sulphur ..024 to .039% ( “ .032) 

The above physical values compare with the following specification re' 
quirements: a minimum yield point of 27,000 pounds per square inch, an 
ultimate strength of 50,000 pounds per square inch and an elongation in 

S^inches -— . The low carbon content with its low airffiarden' 


Tensile strength 

ing properties makes it possible to produce ductile welds with the use of 
heavily coated electrodes, which will be able to withstand the surges and 
shocks, due to water hammer in the pipe line. This is extremely important 
in penstocks and pump discharge lines where brittle welds may develop 
crocks and ruptures in the line causing interruptions in service and often 
extensive damage in life and property. The stress'relieving of completed 
sections will further improve the ductility of the deposited weld metal and 












Fig. 4. Supporting ring. 
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its impact resistance, removing at the same time all residual welding stresses 
of consequence. 

Shop Fabrication—As the penstocks are too large for economical ship- 
ment when fully fabricated, the plates are prepared for welding and rolled 
into half-circles at the Chicago Bridge and Iron Company’s plant in Chicago, 
then shipped to a held fabricating plant erected at Coram, about a mile 
downstream from the dam. Here the penstocks are fabricated into erection 
lengths of 20 feet by the Western Pipe and Steel Company, contractor for 
the fabrication of the penstocks. The held fabricating plant at Coram is 
equipped with welding, testing, handling and radiographic equipment to 
complete the fabrication of the penstocks. All butt-welds in the pipe shell 
are welded on automatic welding machines, depositing the welds in two 
pas ses, one on each side of the joint, using a double V-groove in the plates 
to be joined. For the field-welded joints between shop-sections double V- 
greeves are used for plates lyy-inches thick or less and double U-grooves 
for plates over l|/ 2 inches thick. Before any production welding was author¬ 
ised test plates were prepared of %-inch and dVadnch steel for the qualifica¬ 
tion of the automatic welding process which the contractor proposed to use. 
After the adequacy of the welding process was proven by tests made on 
specimens cut from these plates production welding was authorised. All 
mono a: welding operators were qualified by preparing a butt-weld test plate 
and a fillet-weld break specimen for all-position welding. Control of the 
welding technique and procedure during production welding is maintained 
by the preparation of production test plates, by etching specimens, and by 
stress-relief acceptance tests. Fig. 8 shows a photo-macrograph of a 2 l / 2 inch 
etched weld specimen prepared for that purpose. The macrograph clearly 
shGws the two weld passes and a number of Rockwell tL B” hardness readings 
of the weld and adjoining plate. The hardness values indicate a fairly uniform 
distribution between a low* value of 67.0 in the plate to a high value of 
76.3 in the weld (Brinnell 119 to 139.6). 

Fig. 9 shows several pipe sections in the course of fabrication in the field 
fabricating plant and Fig. 10 show’s an automatic machine used in welding 
a circumferential joint, in the Coram fabricating plant. All welds are radio¬ 
graphed with^portable X-ray equipment as shown in Fig. 11 and ail pipe 
sections are first stress-relieved in a specially constructed stress-relieving 
furnace^then hydrostatically tested in the testing machine shown in Fig. 12, 
before they are ready for installation in the penstock system. Defects dis¬ 
closed in the welds by the radiographs or in plate and weld metal during the 
pressure tests are chipped out to sound metal and re-welded. All repaired 
welds are re-radiographed and the pipe sections re-tested hydrostatically to 
prove the quality c: me repair welds. The bend sections are pressure-tested 
by welding several bends together with small butt-welds and closing the 
ends with dished heads. After the tests are completed the sections are 
separated oy dame-cutting without disturbing the original edge preparation 
tor the permanent welds. 

Since the penstocks are installed under a separate contract, the specifica¬ 
tions required that the erection lengths be made accurately to length and 
with ends normal to the axis of the pipe within ^-inch on the radius to 
insure a proper fit and alignment in the line when erected. A maximum 
offset of y"i6"I nc h was allowed for the inner surfaces between adjoining 
plate edges at both longitudinal and circumferential joints. 

Production tests made of double V-automatic butt-welded joints for a 




SECTION VIII—CONTAINERS 


707 


number of plates varying in thickness from 154 -inches to 2 j/§-inches showed 
the following physical properties: 

Yield point—all weld metal. 39,400 to 49,150 p. s. i. 

Ultimate strength—all weld metal.... 61,800 to 68,350 p. s. i. 

Elongation in 2-in.—all weld metal.22.0 to 33.5% 

Elongation—free bend specimen.33.0 to 50.0% 

Appearance—free bend specimen—180 deg. bend, no fracture 
in welds, only edge tear and plate fracture in two specimens. 

Specific gravity of weld metal... 7.81 to 7.87 

Nick break—Fine granual texture—no defects. 

The following physical properties were found in a number of auto¬ 
matically welded double "V-butt-joints for plates from lJ /4 inches to 2 inches, 
after stress-relieving, as determined on stress-relieve acceptance test plates: 

Plate metal All-weld-metal 

Yield point, p.s.i. 33,330 to 42,660 37,500 to 45,700 

Ultimate strength, p.s.i. 54,000 to 63,700 59^500 to 66,070 

Elongation in 2-in., %.. 30.4 to 43.0 31.0 to 38.2 

From the above tests it can be seen that the ductility of the stress-relieved 
weld metal as revealed by the elongation is only slightly below that of the 
parent metal and that with modern welding procedures it is possible now 
to produce welded joints which are about as safe as the plate itself. 

Installation —The penstocks are installed by the general contractor of 
the dam, the Pacific Constructors, Inc. The pipe sections are transported 
from the field fabricating plant to the dam on a special tractor-drawn trailer. 
The pipe sections not embedded in the dam are assembled progressively from 
the anchors and from the ends of the embedded sections, are erected on 
concrete piers and on temporary supports and placed in accurate position 
before the joints are welded. 

Fig. 13 shows a pipe section being placed in the dam using a cableway 
supported from the head tower nearby. All girthjoints except the slipjoints 
at the dam contraction joints are manually welded from both sides of the 
joint, with weld metal deposited in successive layers and each layer cleaned 
of all slag and other deposits before the next layer is applied. The projection 
of the weld reinforcement over the inside surface is limited to ]/% inch. The 
specifications require that all welds be peened while hot to relieve stresses 
and to improve the quality of the welds. The welding in the slipjoints will 
be performed under proper procedure control and in such a manner as to 
reduce the residual welding stresses normal to the joint to a minimum, as 
determined by strain-gauge measurements made at the time of the welding 
and peening operations. All girthjoints except the slipjoints are radiographed 
and all defective welds are chipped or ground out to sound metal and the 
area is re-welded and re-radiographed. All field-welded seams are also to 
be tested by the magnaflux method of magnetic testing to disclose surface 
or near-surface cracks in the welds. 

Before embedding the upstream sections of the penstocks in concrete 
the pipe will be securely anchored in place, then thoroughly cleaned on the 
outside and painted with a cold application coal tar paint to a minimum 
thickness of % 2 inch and the ends of the slipjoints will be wrapped with 
asbestos sheet packing. Reinforcement steel will be placed around the pen¬ 
stocks and all pie^ometric and drain connections will be completed before 
the concrete is poured around the pipe. Internal braces are placed in the 
pipe during concreting to provent deformations in the shell. The pipe 
to be supported from the concrete piers and rockers will be adjusted to the 
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Fig. 8. Hardness readings, Rockwell "B". 


proper position for the prevailing temperature by means of a setting chart 
and the rocker and bearing will be held in position by means of erection 
plates until the bearing base is grouted to line and grade in the concrete 
pier and the grout has taken its initial set. 

After the erection is completed and before any cleaning and painting 
is done, each penstock will be subjected to a hydrostatic pressure test of 
approximately 150 per cent of the pressure for which the penstock is de¬ 
signed. Bulkheads are provided for this test at both ends of the penstocks. 
After the completion of the pressure test and the repairs necessitated by 
this test, each penstock will be cleaned by blasting both interior and exposed 
exterior surfaces and painted with cold application coal tar paint not less 
than 1 /%2 "inch and not more than % 2'inch thick. Fig. 14 shows the installa¬ 
tion work in the dam progressing toward the power house. 

All shop and field-fabrication and welding is performed in the presence 
of government inspectors, who also examine all radiographs for defects and 
determine areas to be chipped out and to be re-welded, they witness the 
preparation of the test plates in connection with the qualification and pro¬ 
duction tests, witness all pressure tests and inspect the completed work to 
determine whether it meets the requirements of the specifications. 

Riveted Design—The use of riveted construction for penstocks of equiva¬ 
lent capacity and for operation under identical heads will necessitate quad¬ 
ruple and quintuple butt-riveted joints with rivets up to 1% inch diameter 
to obtain good efficiencies and reasonable shell thicknesses. The longitudinal 
joints wfill have inside and outside straps and the circumferential joints will 
have one double butt-riveted outside strap. The heavy plates involved will 
make it preferable to drill the rivet holes with all plates assembled to insure 
a good fit. Rivet holes will be drilled to Yi^'inch. larger than the nominal 
rivet diameter. The edges of all outside longitudinal butt-straps and of the 
circumferential butt-straps will be beveled for caulking and the ends of the 
outside longitudinal butt-straps will be welded to the circumferential butt- 
straps to eliminate the necessity of scarfing which is not economical for the 
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heavy plates involved. The edges of plates forming longitudinal seams will 
be planed or machine flame"cut to bring the pipe to exact diameter and to 
insure joint tightness, i he ends of all sections will be trimmed to true lines. 
No drifting will be permitted for unfair holes. If holes require enlargement 
to admit the rivets, they will be reamed. 

Before riveting all plates must be thoroughly cleaned and freed from 
rust, scale and burrs and the several plates will be properly aligned and 
securely held together with erection bolts. Wherever possible, rivets will 
be driven by pressure tools of sufficient capacity to completely nil the rivet 
hole and form the head. All rivets shall have full heads concentric with 
the shank and no re-cupping or caulking of heads will be permitted: All loose, 
burned or otherwise defective rivets will be cut out and replaced, without 
injuring the adjacent metal. In order to avoid shrinkage of the rivets on 
cooling, the riveting pressure shall be maintained on the pressure tool until 
no part of the head shows red in daylight. All seams must be caulked on 
the outside in first class boiler work fashion and shall be left uncoated until 
after all hydrostatic pressure tests are completed. Leaky rivets shall be re¬ 
placed with new rivets and pipe sections so repaired shall be retested until 
found watertight under pressures of 150 per cent of the operating pressure. 

Hydraulic Considerations—In the construction of penstocks it is impor¬ 
tant to select a design which will be not only structurally safe but also 
hydraulically efficient in conserving the available power head. Hydraulic 
efficiency will also be affected by the condition of the pipe interior. A con¬ 
tinuous interior pipe with smooth joints as produced by welding will offer 
less obstruction to the flow of water and cause less loss in head than a pipe 
with a rough interior surface as produced by projecting rivetheads and 
straps in riveted construction. Hence from the standpoint of hydraulics 
alone the welded pipe will be more advantageous than the riveted pipe'and 
considering equal capacity, the welded pipe need not be as large as the pipe 



Fig. 11. X-raying a joint 
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with riveted joints.. A hydraulic analysis based on unit No. 3 of the Shasta 
penstocks will serve to prove this statement. 

Diameter of full •'welded penstock = 15'—0" 

Length of penstock — 865'-6 y/ , (which is the average of the 
5 units) 

Q = 2800 sec. ft. of flow at rated head. 

Max. static head == 479 ft. 

Max. water hammer head = 180 ft. 

Commercial value of power = 5.68 mills per kw. hr. 

Estimated hydraulic energy for sale per year (5 units) = 
984,276,000 kw. hr. 

Annual value of 1 ft. of head = $14,825 for five units. 

Head Losses: 

In the straight -welded pipe, the head losses, based on Scobey’s co- 

efficient of retardation Ks = .32, will be: 

= 2.68 ft. 

0.91ft. (where C is loss co-efficient; based on 
Thomas’ experiments on smooth mi¬ 
tered bends). 

The total head loss is 3.59 feet for penstock No. 3. This head loss repre¬ 
sents a considerable loss in power revenue. Based on a commercial rate 
of 5.68 mills per kilowatt hour this head will have a power value of $53,222 
per annum for the 5 units. For a riveted pipe of the same diameter the 
loss in head, based on Scobey’s co-efficient of retardation Ks = .52, for plates 
over Va'inch thick with double butt-strap joints, the loss would be 5.87 feet; 
evaluated at $87,023 per annum. The capitalized values of these head losses 
would be $855,000 for the five 15-foot diameter welded penstocks and 
$1,403,000 for the five 15-foot diameter riveted penstocks (based on interest 
at 4 per cent, depreciation at 1.78 per cent and operation and maintenance 
at .42 per cent). 

Considering on the other hand, that it were necessary to design riveted 
penstocks with the same net power capacity as the 15 -foot diameter welded 
penstocks, a diameter must be found which at a flow of 2800 second feet 
will have an identical head loss. By trial analysis it is found that a 16-foot 
9-inch diameter riveted pipe will have a flow and head capacity equal to 
a 15-foot diameter welded pipe, based on above loss co-efficients in pipe and 
bends. 

Estimated 'Weight of Welded and Riveted Construction—Considering 
tiie larger diameter and the lower joint efficiencies of the riveted pipe (vary¬ 
ing from 80 per cent to 93 per cent for the various plate thicknesses as com¬ 
pared to a unitorm joint efficiency of 95 per cent for the welded pipe) the 
shell thickness would be from 16.7 per cent to 33.3 per cent greater than 
for the 15-toot diameter welded pipe, with an increase in weight of from 
49 per cent to 105 per cent. The excess weight of the riveted pipe is partly 
due to the additional weight of the butt-straps and rivetheads in the joints. 
The following tabulation based on a detailed analysis of the weight of shell, 
butt-straps and rivetheads as taken from actual joint designs shows the dif¬ 
ference in weight between wielded and riveted construction. 


H 


Bend losses C X 


1000 
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Fig. 12. Hydrostatic test. 


15-0" diam. welded pipe 


16'—9" diam. riveted pipe 


Shell 

Thickness 

Joint 

Efficiency 

Weight 
of Pipe 
per 

Lin. Ft. 

Shell 

Thickness 

1 Joint 
Efficiency 

Weight 

of 

Shell 

Weight of 
Straps and 
Rivet' 
heads 

Weight 
of Pipe 

I pec 

Lin. Ft. 


95% 

1520# 

H" 

89.8% 

1978# 

447# 

2425# 

1 H* 

95% 

2285# 

m r/ 

93.0% 

2977# 

898# 

3875# 

1 X* 

95% 

3055# 


92.7% 

3980# 

1460# 

5440# 

irt" 

95% 

3820# 


87.0% 

5270# 

1980# 

7250# 

2^" 

95% 

4600# 

V 

80.0% 

6865# 

2595- 

9460# 


Shells from %-inch to lJ/4'inches will be quadruple butt-riveted, shells 
from 1 Yxq "inches to 3-inches will be quintuple butt-riveted. All weights 
are based on two longitudinal joints for each pipe and of girthjoints spaced 
10 feet apart. 

Fig. 15 illustrates graphically the above tabulated differences in plate 
thickness and weight between welded and riveted pipe. 

The above comparison between penstocks applies also to all other water 
conduits, such as pump discharge lines, where a rough interior such as 
produced by full-riveted construction would require more powerful pumps 
to overcome the frictional resistance; or gravity conduits, where only a 
limited head is available to overcome the friction in the line. The economic 
trend is the same inasmuch as the smooth interior pipe will carry more 
water and would be less costly per unit of flow unless the riveted pipe could 
be fabricated at a considerably lower cost than the welded pipe. In the 
following cost analysis it will be shown that this is not the case. 

Estimated Costs —The cost of the welded pipe consists of the cost of 
the steel, layout work, plate preparation, rolling, welding, weld examination, 
stress-relieving, pressure testing and installation. The cost of the riveted 
pipe consists of the cost of the steel, layout work, plate preparation, rolling. 
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drilling, riveting, caulking and seakvelding, pressure testing and installation. 
The cost of the latter items varies with the size of the rivets for each plate 
thickness. The unit costs of these variable items were computed for each 
plate thickness and a weighted average price per pound was taken to repre¬ 
sent all plate thicknesses. A waste of IV2 P er cent was allowed for the 
cutting and preparation of the plates received from the mill. 


Cost of five 15-ft. diam. welded penstocks (from contractor’s bid) 


Item 

Quantity 

Unit Cost 

Item Cost 

120 " wide steel plates... 

.. 14,880,000# 

14 660 000# 

.02S 5 
.095 

$349,680 
1,392,700 
171,522 
31,2.50 
73,300 
29.320 
234,560 
15,750 
26 625 

Transportation—prefabricated plates .. 

Radiographic examination—shopioints. 

Stress-relieving... 

Hauling of pipe sections. 

Installation and testing. 

Radiographic cxair.fr.r.rior.--f.ridjrir.t?.... 

. 14^660^000# 

.. 25,000 lin. ft. 

.. 14,660,000# 

. 14,660,000# 

. 14,660,000# 

. 9,000 lin. ft. 

355 000 sq ft 

.0117 

$1.25 

.005 

.002 

.016 

$1.75 

.075 




Total cost of construction. 

Cost of five 16—9" 

diam. riveted penstocks 

. $2,324,707 

Item 

Quantity 

Unit Cost 

Item Cost 

120 " wide steel plates. 

Shop fabrication and testing. 

Transportation—prefabricated plates . 

TTfl.1dincy nf pipe ‘.prf'iV'nS 

. 26,100,000# 

. 25,830,000# 

. do 

.0235 
.100 
.0117 
.002 
.015 
.07 5 

$613,350 

2,583,000 

302,211 

51,660 

387,450 

30,000 

Installation and testing. 

Sand blasting and painting. 

. do 

. 400,000 sq. ft. 



Total cost of construction. 

. 

. 

...$3,967,671 


Proportionate Savings Due to Welding—The above estimates show a 
ital construction cost $2,324,707 for the welded penstocks and $3,967,671 
for the riveted penstocks, both of equal flow capacity and net power head. 
The saving in weight for the welded construction is 11,170,000 pounds or 
43.2 per cent, and the unit cost of the welded pipe is $0.158 .per pound and 
of the riveted pipe $0,153 per pound. These costs are only for the steel pipe 
and do not include the cost of excavation, concrete piers and anchors which 
in this case comprise about 13 per cent of the cost of the steel pipe, increas¬ 
ing thus the entire installation to approximately $2,627,000 when welded 
and to approximately $4,483,000 when riveted. The total possible saving 
in cost by using a welded construction will be about $1,856,000 or 41.4 per 
cent of the cost of the riveted construction. 

Estimated Annual Gross Saving Due to Arc Welding—(a), The Bureau 
of Reclamation constructed, during the past five years, an average of about 
$1,100,000 worth of steel penstocks and $200,000 worth of other steel water 
conduits annually, all of arc welded construction. If these pipe lines would 
have been of riveted construction, the cost would have reached about 
$2,220,000 per year, when based on above analysis. An annual saving of 
about $920,000 tvas thus possible by modern welded design and construction. 

(b). By industry in general the annual gross savings due to arc welded 
penstocks alone may be estimated from the annual increase in installed 
capacity of hydroelectric energy in the United States. This increase varied 
'from year to year and was estimated at 480,000 kilowatts for 1941 and 
at. 1,020,000 kilowatts for 1942, w-hich may have been considerably increased 
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Fig. 13. A fabricated section. 

because of the increased power requirements of our war industries during 
these years. Using the construction cost of riveted penstocks estimated for 

Shasta Dam, the unit installation cost would be 4»48 j, 000 = $11.95 per 

375,000 

kilow T att of installation, for an installed capacity of 375.000 kilowatts. W r ith 
an estimated saving of 41.4 per cent, the annual saving possible with arc 
welded penstocks may be computed at 11.95 X -414 = $4.95 per kilowatt 
installed. Accordingly, the annual saving in installation cost may be estimated 
as follows: 

For 1941 the saving would be. 480,000 X 4.95 = $2,376,000 

For 1942 the saving would be. 1,020,000 X 4.95 = $5,049,000 

The entire installed hydroelectric capacity of the United States on Jan¬ 
uary 1, 1941, was 11,675,300 kilowatts. Adding the scheduled increase since 
then, the generating capacity on June I, 1942, presumably was 12,700,000 
kilowatts. There are no figures available but it may be assumed that at least 
75 per cent of the penstocks serving the plants which make up this total 
are of riveted steel construction, the other 25 per cent being divided between 
woodstave, concrete and welded steel construction. Using the above esti¬ 
mated unit saving of $4.95 per kilowatt of installed capacity, a total saving- 
in construction cost of $47,148,750 could have been effected, if it wom 
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have been possible to use arc welded design and construction at the time 
when the plants were built. This saving would be proportionally larger 
if applied to all other water conduits such as pump lines, siphons, water 
supply lines, aqueducts, etc., of which there is no complete record available. 

Increased Service Efficiency-In riveted pipe the heavy butt-straps and 
rivetheads projecting into the interior of the pipe interrupt the smooth flow 
of 7 water producing a disturbance and setting up eddy currents at each 
projection, hach rivethead will be subjected to some cavitation at its dc~ 
stream side which eventually will remove the paint and attack the 
underneath,’ requiring more frequent cleaning and P ain ^|' “ 

- ar _ rir ,„ water with a high silt and sand content, trie rivetrieaas near 
mve£of the pipe are often worn off by the continuous abrasive action of 
the^suspended solids. This not only removes the paint from the rivetheads 
but in time may weaken the rivetheads sufficiently that replacements are 

neC From the standpoint of stress on the other hand a riveted joint is not 
capable of transmitting the hoop tension between adjoining plates of the 
Sell as uniformly and efficiently as in a butt-welded joint. The reason for 
this lies in the fact that many of the rivets in a joint because of their location 
with respect to the point of stress m the shell or due to the restraining action 
on the heavv butt-straps and a poor alignment in the rivet holes may not 
carry their proportionate share of the load, which often results m the over¬ 
using of other rivets closer to the point of stress m the shell. This 
condition becomes more pronounced with increasing shell thickness and 
correspondingly heavier butt-straps. The latter having also the effect of 
redutinv the net cross-sectional area of the pipe increasing thereby the 
velocity'and head loss. In a 16-foot 9-inch diameter riveted pipe with two 
longitudinal joints as considered above the inside straps for the o-inch shell 


Fig. 14. Installation work near power house. 
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to 


WEIGHT PER LI N. FT. OF PIPE - IN IOOO LBS. 

Fig - . 15. Comparative weights of welded and riveted steel pip© of equal flow and 

friction head. 


would decrease the net area by two square feet approximating nearly one 
per cent of the total and increasing the velocity and friction head propor¬ 
tionally. In comparison a double butt-riveted pipe will have a uniform and 
concentric stress-transmission in the shell, a smooth interior without inter¬ 
ruptions in the surface or changes in cross-sectional area. This will produce 
a smooth, even flow, free from eddy currents and cavitational disturbances. 
The result will be a reduction in vibration and in cavitation with its destruc¬ 
tive effect on paint and metal, all contributing to a longer useful service 
of the pipe line and to reduced shutdowns for maintenance. The increased 
flow efficiency made possible with welded pipe has been proven in the 
hydraulic analysis above. 

Social Advantages—’The adoption of welded construction will not only 
produce absolutely watertight conduits but will, on the other hand, yield 
considerable social advantages. As shown above, the penstocks analysed 
will result in a considerable saving in steel plate amounting to about 43 per 
cent. This large saving in a vital natural resource is of great importance at 
any time, but can be more fully appreciated during the present emergency, 
when it is of prime importance to divert all available strategic materials, 
of which metals are the most crucial, to defense purposes to protect our 
way of life. By the use of the hydraulically more efficient ’welded steel pen¬ 
stocks or pumping lines, our water power resources will be utilised more 
efficiently and society in general will benefit from this better utilisation 
and reduced construction cost by enjoying the lower power rates resulting 
from it. Life and property will be more fully protected by the safe con¬ 
struction made possible in using ductile steels properly welded and tested, 
assuring thus a welded job capable of safely withstanding shocks and impact 
loads due to water hammer and seismic disturbances. 





Chapter V—Welded Water Wheel Center Casing 
By W. W. Armour 

Vice-President, Armours Pattern Shop Co., Welding Engineers, 
\Vorcester, Massachusetts 


Subject Matter: A welded water wheel center casing for 40'inch 
runners. The casing consisted of two parts with bolting flanges 
along the center line of intake opening. Designed so that various 
sections could be cut from a flat plate and rolled to the desired 
curvatures. The casing was constructed with two 41J^dnch 
diameter intakes and a 66 inch diameter outlet. The shell thick' 
ness was %'inch. A wooden form of inside dimensions of the 
shell was made. Paper templates of each segment of shell was 
made and the plate was cut to sise and segments were welded 
together. The weight of the shell was one'half of what a cast 
iron shell would be. The advantages are less cost for metal and 
no pattern required. 

In presenting this paper under the above subject, it is recognized that 
the construction of water wheel casings or turbine shells by welding is not 
a new idea, but it is believed that this paper introduces a new method of 
procedure. 

Design—The casing, (See Fig. 1 ), was designed to consist of two parts: 
the upper half and the lower half, with bolting flanges along the center 
line of the intake openings. The design was also carried out with the 
intention of reducing, as much as possible, the amount of warped surfaces 
on the shell, so that the various sections of the shell could be cut from 
flat plate and rolled to the desired curvatures. It was also designed 
symmetrically about the vertical axis so that the various segments of the 
shell were duplicated. This idea may be readily understood by referring 
to photographs. 

A water wheel casing of this design was constructed with two 4 launch 
diameter intakes and a 66 'inch outlet. The overall length of the shell at 
the intakes was 9 feet o^'inches. The distance from the center of the 
intakes to the outlet flange was 3 feet 5 j/ 4 -inches. The thickness of the 
shell was %'ir ich. 

An allowance of l/ 4 -in ch for machining was provided on the faces of 
the bolting flanges. 

Procedure—First, a wooden form of the inside dimensions of the shell 
was made. This form was made of built-up oval shaped sections at each 
joint or weld. 1 he amount of oval corresponds to the allowance provided 
for machining on the bolting joint flanges. These wood sections were 
strongly braced to each other so that the form would support the weight 
of the shell plates and also permit the use of clamps to hold the plates 
in place. 

Paper templates w 7 ere then made of each segment of the shell, trans' 
x erred to a steel plate and flame cut to size. 

These various segments^ were then rolled to fit templates corresponding 
to the oval sections of the form, and where the segment did not exactly lie 
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to the form, it was pulled down by clamps. The segments fitting at the 
intake openings were put on the form first. Then segments fitting next 
to them were placed on the form and tack-welded to the first segments. 
This procedure was carried out until the shell was completed and tack- 
welded. 

The intake and outlet flanges were then set in place and tack-welded. 
Clip plates were welded across the joints of the intake flanges to keep them 
in proper alignment during welding. 

The longitudinal ribs and bearing box on the upper half of the shell 
were fitted into place and tack-welded. 

The wooden form or skeleton was knocked out and the segment joints 
were welded inside and out. The shell was put in position so that most 
of the welding was accomplished down-hand. 

After the seams of the shell were completely welded, the center line 
of the joint was scribed on the shell. Lines 2<4-inch on each side of the 
center line were also scribed on the shell. The section between the two 
lines on each side of the center lines was cut away with a cutting blow-pipe. 
The bolting flanges were then fitted to the shell on each side of the center 
line and welded in place as shown on the photographs. The hand-holes and 
small ribbing were then completed. 

The tack-welds of the intake flanges were then broken where necessary 
and the flanges were squared and aligned parallel, tack-welded in place 
and welded complete. 

Observations— The wood form enabled us to assemble the segments of 
the shell, and served as a jig to keep the correct dimensions of the shell 
throughout. 

When the shell was cut away for the joint bolting flanges, there was 



Fig. 1. Welded water wheel center casing. 
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only a J/^-inch bow of the top half of the shell. No effort was made to 
correct it, because it was believed that when the joint flanges were welded, 
me of this bow would be removed. This proved to be the case, as only 
^e'inch bow remained at the joints of the intake flanges. 

Welded Construction Compared with Iron Casting—Water wheel casings 
approximate sise as the one described, have been made of cast irnn 
. foundry practice would dictate that the thickness of the shell wo 
to be at least ?<4-inch thick so that the iron could fill the mould raoi 
without chilling too much. 

Therefore, at the outset, the welded construction method affords ap¬ 
proximately a 50 per cent saving in weight over the casting method. 

The usual method of making a cast iron shell is to provide patterns or 
a skeleton from which the mould can be made, and also core boxes or 
skeleton arbors for making the cores of the shell. 

Complete patterns and core boxes would constitute an expensive item 
of the cost of the shell; whereas, a skeleton pattern and skeleton core 
arbors, although costing about the same as the wood form used in the 
wielded construction method, would add materially to the moulding costs. 
Shell castings, made by using skeleton patterns by sweeping up the moulds 
and cores, sometimes vary in thickness as much as %-inches. Therefore 
welded construction for water wheel casings has the advantage of uniform 
thickness of material. 

Another advantage which the welded water wheel casing possessed 
over the cast shell was a 15 per cent saving in cost. 

Conclusion—Welded construction for a water wheel casing such as 
described in this paper proved to be a more advantageous method of pro¬ 
duction than if it had been made of cast iron. 



Chapter VI—All Arc Welded Steam Line 


By William A. McGee 

Mechanical Engineer , T he Hew Y or\ Central Railroad Co., Cleveland, O. 


Subject Matter: Steam line designed to carry 34,000 pounds of 
steam per hour located in a plant which has a locomotive repair 
shop and a round house. The pipe is 2,000 feet long and 
traverses 700 feet of tunnel, 360 feet in underground conduit 
and the balance in risers and overhead line. The line is 8-inch 
lap welded steel pipe in 20 and 40 foot lengths and with ends 
beveled for welding. The estimated savings by welding is $2,486: 
this also includes labor time which would have been needed to 
protect flanges. The estimated savings in the railroad industry 
is $350,000 for like work per year. 

William A. McGee 



The 8Tnch steam line is designed to carry 34,000 pounds of steam per 
hour at 145 pounds initial gauge pressure and 75 degrees F. superheat. 

The plant contains a 36-pit locomotive repair shop and a 49-stall engine 
terminal round house. 

Approximately one heavy repair (Class 2-3) locomotive and one-half 
light repair locomotive are turned out each day at the locomotive repair shop 
and from 140 to 150 locomotives are handled at the round house each 
24 hours. 

Formerly, two separate power plants served these shops, one located 
at the locomotive shop and the other at the round house. 

With the construction of the line in question, the power plant located 
at the round house was shut down; one 500 horsepower boiler in this plant 
was retained for use in emergencies and during extremely cold days in 
winter. 

A net annual saving in operation of approximately $10,000 is made by 
this arrangement. 

Some of the details of the line are shown in Fig. 1. 

The peak requirements at the round house amount to approximately 
34,000 pounds of steam per hour. 

Problems incidental to construction of the 2,000-foot pipe line required 
careful planning, as it traverses through approximately the following: 700 
feet of tunnel, 360 feet in underground conduit, and the balance in vertical 
risers and overhead in buildings; a portion of the underground line in 
conduit crosses under two railroad tracks and one trucking road. 

The line is constructed of 8-inch lap welded steel pipe, 28 pounds per 
foot, 0.322-inch wall thickness, and was supplied in 20-foot and 40-foot 
lengths, with plain ends beveled 37 1 / 2 degrees for welding. 

All elbows are of seamless steel “tube-turns 1 ’ and lateral outlets are 
“Weldolets”; there are no threaded flanges or fittings in the line; gate valves 
are 250 pound pressure ferro-steel and flanges are 300 pound pressure forged 
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steel slip-on type; special ^-inch steel studs were used in all flanged con¬ 
nections and flanged fittings. 

Great care was exercised in determining the number, kind and location 
of expansion joints. At all locations, except in the tunnel, long radius ex¬ 
pansion loops and U” bends were used; a 300 pound working pressure, 
cast steel, double, internal-external guided type expansion joint w r as used 
in tunnel. 

The line is insulated with sectional covering, 2-inches thick; the portion 
underground is encased in spirally corrugated iron conduit, the outside of 
which was treated with asphalt and felt-wrapped. 

Attention is called to the unique method of supporting the line which 
spans the distance of 38-feet 6-inches between stationery storehouse annex 
and electrical building. This method of welded support eliminated the use 
of a column support, which would have obstructed a trucking driveway 
at this location. 

Regarding the saving: 

Our largest saving is from the increased life of arc welded over the 
conventional method of pipe with screwed-on flanges or couplings. Pipe, 
to a large extent, fails at the threads and not in the body or thicker part 
of the pipe. The threading of standard pipe reduces its thickness about 
one-third, while welding has a tendency to slightly increase the pipe thick¬ 
ness at location of weld. On this premise, the arc welded pipe should endure 
approximately 33 per cent longer than the threaded pipe; however, the 
writer has installed a number of welded lines, sites two to six inches, in 
various locomotive round houses, and has found that these welded lines 
have given more than double the life of threaded pipe lines of similar sites. 

The cost of installation also is in favor of the arc welded over that 
of the threaded line. 

The 8-inch line described above cost approximately $14,000 for complete 
installation. 

The saving of welded compared with threaded and flanged joints in this 


line was as follows: 

Threaded Flanges 

2—8" Ex. Heavy Screwed Flanges.$11.10 

1— 8" Gasket .40 

1—Set of Bolts. 1.20 

Cost of Threading Pipe. 2.00 

Freight Charges and Handling.40 

Labor attaching flanges to pipe and refacing same. 3.50 


$18.60 

Arc Welded joint 

Power .$ .25 

Welding Rod ...21 

Beveling Pipe...-...-...00 

Labor . 1.04 


$ 1.50 

Difference in cost...-.$17.10 

Line contained approximately 110 joints. 


Saving (110 X $17.10) = $1,881—which equals about 13.43 per cent 
saving over screwed flanges. 

Another sizeable saving is that of insulation or pipe covering. 
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Application of insulation on the welded steam line, due to absence of 
flanges, saved some labor time over that formerly required for this work, 
also considerable saving is made in cost of material due to elimination of 
covering of flanges, as follows: 

Cost of covering material and labor applying same: 


For set of 8 r/ flanges.$6.50 

. For welded joint. LOO 

Difference .$5.50 


Saving in covering of 110 joints on line in question (110 X $5.50) is 
$605, or about 4.3 per cent. 

From the above it appears that a saving of $2,486 ($1,881 plus $605) 
or 17.75 per cent was made - by application of arc welded joints. 

This pipe line has been in service since the fall of 1941 and has given 
no trouble whatever from any of the welded joints. 

The job has proved so successful that we contemplate welding all major 
steam line work in the future. 

We probably spend from $75,000 to $100,000 per year on an average 
for this class of pipe work. 

There are, in round numbers, about 1,000 railroads in the United States; 
therefore, if we assume that on an average each will spend only $2,000 
per year on pipe work of this nature, a saving of over $350,000 per year 
could be effected by arc welding. 
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chapter I—Fabricated Rolled Steel Machinery 
By John O. Ogden and E. J. Eldridge 

General Manager and Director, and Draftsman, respectively, W elded Products, Pry. Ltd., 

Sydney, Australia 



John 0. Ogden 


Subject Matter: A number of heavy-duty- 
metal working machines built in Australia, 
such as forging presses of crankless type 
(capacity 300-tons); guillotine shears (ca¬ 
pacity 10-feet by 1-inch); plate edge 
planing machine (capacity 20-feet by IJ/ 2 - 
inches); punching machine (capacity 2- 
mches through 2-inches of mild steel): 
shearing machine (capacity 1^4-inch mild 
steel plate, 42-inch gap). Paper discusses 
steps necessary to evolve a satisfactory 
design of the frames. Calculations for all 
welds are given. Cost analyses indicate 
savings ranging from 32 per cent to 45 
per cent. Advantages listed by authors 
include: greater reliability and flexibility 
of design, faster production, better appear¬ 
ance, increased efficiency. 



In all the amazing developments of the welding science, there are few 
to equal the developments in the metal working machine tool manufacturing 
industry. This is particularly the case in Australia, where an exceptionally 
wide variety of machinery has to be produced to meet the demands of a 
comparatively small market. It is not possible in Australia, except in a few 7 
instances, to produce machinery on anything like a mass production basis, 
one or two of a particular machine being the rule rather than the exception. 
This small market coupled with the wide variety of machinery required 
rendered it imperative to develop some means whereby these difficulties 
could be overcome. This obviously was not possible if it were necessary to 
utilise cast iron or cast steel machine frames, as the pattern cost would be 
prohibitive. Importation also presented many difficulties, in that often the 
machinery available on the overseas market was not quite suitable for the 
particular purpose in view, this necessitating makeshift arrangements. 

It was to overcome these difficulties that the firm with which the writers 
are associated commenced operations some seven years ago. The basic idea 
behind the foundation of the company was to produce machinery at a 
competitive price which would exactly meet the requirements of the pur¬ 
working machinery. 

The wide experience of the founders of the company indicated that 
chaser, this service at the same time covering a very wide variety of metal 
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tnere was a big potential demand for heavy duty machinery, equipped with 
unbreakable frames, as in practically every large industrial undertaking 
examples of Droken and welded-up machine frames of cast construction 
could be seen, rurther, a survey of the products of Australian manufacture 
and of the importation data showed that there was no local supplier of 
reaily heavy duty metal working machinery, such as presses, guillotine 
shears, punches, croppers, bending rolls and similar equipment, and it was 
in this particular line of manufacture that the company decided to specialise 
though a large variety of other work has also been handled since the incept 
com P an y* -fc 1 f ac t, as an indication of the variety of machinery 
produced, it may be said that over six hundred different designs of machines 
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have been turned out in the past seven years, and in all these hundreds of 
designs not one cast steel or cast iron frame has been utilised, the whole 
of the output being equipped with fabricated rolled steel machine frames. 

It will be appreciated that seven years ago there was not the generally 
favorable acceptance of welding among the engineering fraternity of Austra¬ 
lia, as is the case today, and a great deal of pioneering work was necessary 
to overcome the somewhat natural prejudices which then existed. In fact, it 
may safely be said that the fabricated machine frame forced itself into 
favor by the excellence of its performance, and in spite of the volume of 
uninformed criticism which existed against it. 

The acceptance of the welded machine frame was probably brought 
about by three factors (1) the excellence of the project, (2) the pleasing 
modern appearance of the resultant machinery, and (3) the p->;s:n:l:ty of 
cost savings by the adoption of this method. The latter factor is placed last 
on the list, as it has always been the contention of the writers’ company 
that the prime cost of necessary equipment was the least important, as 
superior performance would rapidly prove that the possible higher outlay 
was a good and profitable investment. 

Accordingly, therefore, it has never been the policy of the company to 
produce machinery on a price basis, the only standard worked under being 
the proved excellence of the design, the cost being regarded as a secondary 
consideration. The soundness of this policy is amply borne out by the 
repeated orders for identical machinery from the big industrial undertakings 
of Australia. 

The foundation of the company was very materially assisted by the 
relatively low cost of the equipment necessary to produce fabrications as 
compared with the cost of equipping a foundry capable of handling similar 
sized units. In the establishment of such an enterprise the essential equip- 
ment consists of an oxy-acetylene or oxy-coal-gas cutting machine and a 
welding set of sufficient capacity to handle large size electrodes, together 
with sundry auxiliary equipment, such as grinders, handling equipment, 
etc. To these bare essentials of equipment there must of course be added 
a designer of wide imagination, capable of divorcing his mind from con¬ 
ventional ideas of machine design, and this man is the real heart of fabricated 
machine tool construction. The equipment mentioned is the nucleus of the 
fabricating shop and calls for but a small capital outlay. This equipment 
can be elaborated upon and added to indefinitely, but with this equipment 
a surprisingly wide range of fabricated work can be undertaken and all 
subsequent elaborations branch out from these few machines. Thus it will 
be seen that it was possible to establish a flourishing concern with a very 
small capital outlay and to develop the Plant and equipment in a parallel 
manner to the development of the market for the project. 

In considering the development of the fabricated rolled steel machine 
frame, it must always be stressed that the advantages of this type of con¬ 
struction are many and varied, and while the reduction of cost is important, 
there are other factors which are even more important from the user’s point 
of view. These may be summarized as greater reliability, a vastly greater 
factor against possible damage through accident, greater rigidity, greater 
lightness and finally the flexibility of design possible through the use of 
this medium. 

Thus, it is possible to design, say a guillotine shears, capable of shearing 
1-inch mild steel plate 10-feet wide with a net weight of only 65,000-pounds, 
and yet produce a machine which is rigid, and the frame of which our 
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company is prepared to guarantee unbreakable without reserve. An il 
tration of this machine is given herewith as Fig. 10. 

A somewhat similar example of strength with lightness is in the case 
of the 300-ton capacity crankless type forging press, (See Fig. 11). The 
main units in the design of this machine frame are 454-inch mild steel plates 
16-feet long and 5-feet wide, which are built into a series of box sections by 
means of side plates and cross members, the whole resulting in an exception¬ 
ally rigid unit, which is free from harmful deflection, thus resulting in 
increased die life, this frame also being guaranteed unbreakable without 
reserve. 

A further example of rolled steel fabrication is shown in the all steel 
plate edge planing machine, (See Fig. 12). In this case the entire machine 
is of fabricated construction. The front table and slide ways for the carriage 
are of steel, as also is the carriage, bronze slippers being introduced between 
the two steel faces to ensure correct anti-frictional qualities. This machine, 
which is of all electric control, is of most pleasing appearance and very 
clearly illustrates the contention that the modern lines of a fabricated 
machine are just as attractive, if not more so, than the older style of cast 
construction. This machine could definitely not have been built in Australia 
without the use of welding. 

As a final example before dealing in detail with the manufacture of a 
fabricated machine, w T e would illustrate a large punch and shearing machine, 
(See Fig. 13) which has a somewhat interesting history. The machine was 
required for a new shipyard which was being established, the delivery being 
of the utmost urgency. Our company was first called in in January 1940, 
the order was placed with us in February, and 16 weeks later the machine 
was shipped ready for use, in which time it had been designed and built 
from scratch with no preliminary design data. The main problem in the 
construction of this machine lay in obtaining sufficiently large steel plates 
for the side frames. The plates required w T ere 20-feet long by 7-feet 6-inches 
wide by 3-inches thick, this sice being beyond the capacity of the local mills, 
while the importation of the plates was too indefinite to consider. The 
problem was overcome by laminating three 1-inch plates of the required 
sice into one 3-inch plate, the plates being welded all around the edges and 
further welded together round all the apertures, vriiile a certain amount of 
plug welding was resorted to in addition. The method of carying out this 
lamination is illustrated in the attached photograph, Fig. 14. It will be 
noted that the center plate is set in about %'inch between the two outside 
plates, thus enabling fillet welding without the necessity of preparing the 
hllet joint beforehand. Further, the center plate is set up about %-inch 
higher at the top than the two outside plates, which of course leaves a recess 
oi about ^ 4 'inch at the bottom. Thus, once again fillet welds are possible 
without preparation. In fact, the only necessity for preparation was around 
the various apertures, subject to subsequent machining operations. It may 
therefore truthrully be said that without the use of welding this machine 
could not have been built in Australia, and keels could not have been laid 
to schedule six months after the commencement of the construction of 
the shipyard. 

The foregoing instances illustrate very clearly the value of the fabricating 
process in the manufacture of heavy duty metal working machines, and we 
now propose to detail the steps necessary to evolve a satisfactory design of 
machine frame. 

The machine selected for analysis is an open fronted bar shear capable 
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Fig. 3. Preliminary lay-out of main shaft. 


of cropping T^/^'inch. diameter rounds in 65 "ton tensile steel with an operating 
speed of 15 strokes per minute rated for continuous cropping. This is 
exceptionally heavy duty work for an open ended shear, as the maximum 
load is taken when the stroke has only travelled 10 per cent or 15 per cent 
of its full onedialf cycle. Further, it is essential to prevent any springing in 
the cutting blades, as spring or deflection would be fatal to the life of the 
cutting edges in work of this kind. 

In machines of this type the forces acting on the frame and the corre" 
sponding stresses induced are so complicated that mathematical analysis 
is impossible to any degree of accuracy. 

In these machines where accurate alignment is required, rigidity is more 
important than actual strength. Since it is possible to compute the stresses 
and strains only in the simplest of machine frames, the judgment and 
experience of the designer must govern to a great extent the design of the 
frame. 

The steel selected as being the maximum capacity of the machine is a 
high carbon steel 1.00 to’ 1.15 per cent carbon with an ultimate tensile 
strength of 150,000'pounds per square inch and an ultimate shear strength 
of fs = 90,000"pounds per square inch. 


Area of section to be sheared: A 


7T X 2.5 2 

A 


4.908 sq. ins. 


Force required for shearing: F == A X fs. (1) 

= 4.908 X 90,000 
= 442,000 lbs. 

* It has been established by experiments that a bar is completely sheared before 
the blade has passed one^third of the distance through the material. There" 
fore, the work done by the shear is done during this period. 




ry layout of blades), 


oa, (See Fig c 2), we can 
Iso the work done. 
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Period in which work is done: 


60 


Time of complete stroke = — == 4 seconds 

Time in which work is done = — — — = .378 sec 

360 0/0 sec. 

Since we now know the work done and the period during which it is done, 
we can find the power required to be transmitted through the gearing from 
the flywheel to the ram and also the power of the motor required to bring the 
flywheel back to full speed before the next power stroke. 

Horsepower transmitted by gears: 

HP— ^ or k f^ Qne (ft."lbs, per minute) 

n ‘ * *“ 33,000 . 

30,720 X 60 = 148 RO 

.378 X 33,000 48 V * 

Since 30,720 ft.-lbs. are transmitted in .378 sec. 

30,720 , , 

- ft.-lbs. are transmitted m 1 sec. 

•37o 

30,720 X 60 , ^ . - . _ . 

-——-ft .ribs, are transmitted m 1 min. 

•37o 


(Vi 


Motor Horsepower: 

Time in which work is done by motor 

4 X (360 — 34) 4 X 326 


= 3.62 sec. 


30,720 X 60 _ 

3-62 X 33,000 3 

Gearing:—The next step is to determine the ratio of gearing assuming a 
flywheel speed of from 400 to 500 revolutions per minute, which is our usual 
practice, and also to determine the size and other data of the gears required. 

Thus, if we assume a flywheel speed of 450 revolutions per minute the total 


reduction of gearing 


450 

15 


30 to 1. 


We now select a double train based on experience and decide on a ratio of 
6 to 1 for the main gears and 5 to 1 for the first motion gears. 

The gears of a heavy-duty bar shear are naturally subjected to an overload 
every revolution and therefore should be made sufficiently large to withstand 
this overload continuously. This is the case in the main gears. 

The horsepower formulae now used are based on the British standard specifica¬ 
tion for machine cut spur wheels. Two formulae are given (1) deals with tooth 
strength in relation to horsepower and (2) deals with tooth wear in relation 
to horsepower. Each gear should be calculated for strength and w T ear giving 
four power ratings for each pair of gears and the smallest of these is the allowable 
horsepower for that pair of gears. 

The British Standard Specification Formula: 


H.P. for Wear = 
H.P. for Strength 


ScXXXZxFXRXN 
K X P X 126,000 
SbXXXYxFXRXN 
P2 X 126,000 


■(4) 

( 3 ) 
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Sc Basic surface stress factor (depending on material) 

Sb Basic bending stress factor (depending on material) 

X Speed Factor (Tables) 15 R.P.M. X = .540 

90 R.P.M. X = .425 

450 R.P.M. X = .310 

Y Strength Factor (Tables) 

F Face Width in inches 
R Speed in R.P.M. 

P Diametral Pitch 
N N ° of teeth in pinion or gear 
Z Zone factor (Tables) 

K Pitch Factor (Tables) 3 DP = 2.4 

2 DP - 1.7 
1HDP = 1.4 

Main Gears: 

Gear to be cast steel (B.S.S. 24, part 4, spec. No. 10) 

Sc = 1,300 Sb = 18,000 

Pinion—Forged steel, l 1 /^ per cent nickel, 1 per cent chrome, 
flame hardened. 

Sc = 5,000 Sb = 22,000 

The horsepower to be transmitted is already known and we assume a pitch 
which is proportional to the site of the machine. This leaves us with one unknown, 
F. Transpose the formula and calculate F. 


(Strength) F = 
(Wear) F = 


HP X P 2 X 126,000 
SbXXxYXRXN 
HP X K X P 2 X 126,000 
ScXXXZXRXN 


H.P. to be transmitted allowing 25 per cent overload. 


HP. 


148 X 125 
100 


185 H.P. 


Assume 2 D.P. Tooth 20° P.A. 


Gear: 


16 teeth Pinion (solid with shaft) 
96 teeth Wheel 


(Strength) F = 
(Wear) F = 


185 X 4 X 126,000 
18,000 X .540 X .660 X 15 X 96 
185 X 1.7 X 2 X 126,000 
1,300 X .540 X 1.7 X 15 X 96 


= 10.1 " face 
= 46.1" face 


It will be seen from the above figures, therefore, that the use of cast steel 
to the above specification is not permissible. The face width of 10.1 inches for 
strength would possibly be reasonable, but the face width of 46.1 inches for 
wear is of course out of the question and it becomes necessary to select some 
more suitable material. 

We now select a forged steel rim of .55 per cent carbon which has an Sb 
value similar to the first material, but an Sc value three or four times as great as 
the cast steel. This is allowing for flame hardening after gear cutting. 

Thus welding once more plays a most important part in the production of 
heavy duty machinery. The boss and H section arms of the gear wheel will be 
of commercial mild steel, while the rim will be of high class steel giving a tooth 
with a tough cere of 45-tons to 50-tons per square inch tensile strength and a 
hard surrace Bnne:l Number of from 400 to 500. This is of course an ideal com- 
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X X, 

I 



Fig. 6. Frczne at main bearing. 


bination for gear design. The new figures for Sc and Sb are now 4,000 and 22,000 
pounds per square inch respectively. A rough calculation shows that even with 
this steel, and utilizing a 2 DP tooth, the face width will still be too high as 
follows: 


46.1 X 1,300 
4,000 


15" Face 


Therefore it is necessary to utilise a 1DP tooth, in which case -K will now 
equal 1.4 and P will now equal 1.5. The figures for the revised main gears are 
as follows: 


Revised Main Gears: 
Gear: 


(Strength) F = 
(Wear) F = 


185.X 1.5 X 1.5 X 126,000 
22,000 X .540 X .690 X 15 X 96 
185 X 1.4 X 1.5 X 126,000 
4,000 X .540 X 1.7 X 15 X 96 


Pinion: 


4.45" 

9.25" 


(Strength) F — 
(Wear) F = 


185 X 1.5 X 1-5 X 126,000 
22,000 X .425 X .66 X 90 X 16 
185 X 1.4 X 1.5 X 126,000 
5,000 X .425 X 1.7 X 90 X 16 


= 5.9" 
= 9.38" 


Thus, we come to the conclusion of the main gear requirements which are 
16/96 teeth, 1DP, 20 degrees pressure angle, and 9 J^dnch face. 
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Fig. 7. Section of frame LM. 


We now consider the first motion gears which are to have a ratio of 5 to 1, 
and we assume that the gear ratio will be 18/90 teeth, 3 DP, 20 degrees 
pressure angle. 

1st Motion Gears: 

Gear: 55% carbon steel flame hardened 

Sc = 4,000; Sb - 22,000 

Pinion: 1 ]/> per cent nickel: 1 per cent chrome; flame hardened 
Sc = 5,000; Sb = 22,000 
X = .425 (90 R.P.M.); .319 (450 R.P.M.) 

Z = 2 

Y = .675 for pinion; .705 for wheel 

K = 2.4 


(Strength) F = 
(Wear) F 


_ 185 X 9 X 126,00 0 

22,000 X .425 X .705 X 90 X 90 
185 X 2.4 X 3 X 126,000 
4,000 X .425 X 2 X 90 X 90 


Pinion: 


(Strength) F = _ 9 X _ _ 

22,000 X .310 X .675 X 18 X 450 

(Wear) F = _ 185 X 2.4 X 3 X 126,000 = 

5,000 X .31 X 2 X 18 X 450 3 

t ^ ie assurri P" OTi found to be correct and the first motion gears 

will be 18/90 teeth, 3 DP, 20 degrees pressure angle, 6 1 / 2 dnch face. 


= 6.65* 
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Fig. 8. Dimension drawing of shear. 

So much for the gears. We now come to the design of the flywheel. 

The principle of the flywheel is to store energy which is given out with a 
reduction of speed during the actual period of time in which the work is done, 
the usual practice in a machine of this type being to allow a 10/15 per cent 
speed reduction. 

The energy expended by a flywheel while reducing in speed from Vi to V 2 
is as follows: 


where E = Energy expended in ft.Tbs. 

VT — Initial velocity at mean radius of flywheel rim in ft. per sec. 

V 2 = Velocity after reduction in speed in ft. per sec. In this case, 
the energy required to be expended by the flywheel = 30,720 ft.Tbs. with a 
reduction in speed of 15%. 
















736 


STUDIES IN ARC WELDING 


In determining the we 
sidered, the weight of 
We therefore assume 
machine and calculate the section of rim 
We assume 

D = 36" 

E = 30,720 ft.-lbs. 
R.P.M. = 450 


2 it R.N. 2 v 18 X 450 _ 
Vl ~ 12 X 60 12 X 60 

V 2 = - Vl - ^ — = 60.15 ft./sec. 
iCXJ 

Vj2 = 4,998.49 
V 2 2 = 3,618.02 


From (6) 


Vi 2 — V 2 2 = 1,380.47 


30,720 = 
W - 


W X 1,380.47 
64.32 

30,720 X 64.32 
1,380.47 


1,430 lbs. 


Volume of steel required to give desired weight = 

is weight of 1 cubic inch of steel 
Volume = 5,050 cubic inches 


1,430 

.283 


Area of cross section of rim 


Volume 

Mean Circumference 


Area 


5,050 

36 


44.6 square inches. 


where .283 


We therefore decide on a flywheel rim section of 7.5" X 6". 

The size of gears and flywheel having been determined the next stage is to 
make a preliminary design of the crank shaft to arrive at allowable bearing pres" 
sures for the various component parts before the frame can be designed with 
any degree of finality. 

Calculations for Crank Shaft (Refer to Fig. 3): 

Sine 6 = = .0982 


P = 


ex 5° 38' 

F 442,000 


Cos 6 


.9953 


= 444,000 lbs. 
96 


Pitch dia. of main gear = = 64" dia. 

-p i r t 444,000 X 1.375 _ « 

Tooth Load — -—-= 19,100 lbs. 


Determine Reactions Ri and R 2 
Taking moments about Ri, 

(442,000 X 8.375) + (19,100 X 26.25) = R 2 X 16.75 
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Fig-. 9. General arrangement oi shear. 


„ _ 3,705,000 + 510,000 4,215,000 

Rs = -16/75- = “16.75 = 52 ’ 0 °° lDS - 

R, = 442,000 -f- 19,100 — 252,000 = 209,100 lbs. 

Shaft for Bending and Torsion at A.A.: 

Bin = 19,100 X 5-25 = 100,300 in lbs. 

Tm = 19,100 X 32 = 611,000 in lbs. 

Te = Bm + VBm 2 + Tm^.(Rankine) 

= 100,300 + -v/100,300 2 -f 611.000 2 

= 719,477 in lbs. 

^ 7T d3 7T X 8.875 s 

Zp = — =- - - = 13/-4 

fc = = 5,230 lbs. per sq. in. 

Shaft for Bending and Torsion at B. B.: 

Bending moment = (252,000 X 4.25) — (19,100 X 13-75) 

= 1,072,000 — 262,500 = 809,500 in lbs. 

Tm = 611,000 

Te = 809,500 + \/809,500 2 + 611,000 2 = 1,828,400 in lbs. 

Zp - «• XJ- 75 " - 184 

ft = - ^f 0 == 9 ’ 920 per sq. in. 

±o4 


719,477 ^ „„„ 1U 

- lj7 |- = 5,230 lbs. per sq. in. 


Zp = 


= 9,920 lb. per sq. in. 
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Shaft for Bending at C. C.: 

Bending moment 

Bm = 209,100 X 4.25 = 888,000 in lbs. 

- JT X 9.75* = 

32 

r 888,000 

fe —= 9,640 lb. per sq. in. 

From these calculations, it will be seen that the eccentric shaft must be 
manufactured from a steel which will give an allowable fc of 10,000 pounds per 
square inch with a factor of safety of 8, 3 per cent nickel chrome steel, suitably 
heat treated being finally selected. 

•’ Bearing Pressures—having arrived at the required dimensions, etc. of the 
eccentric shaft, the bearings and bearing areas are now considered. The loading 
is of an intermittent character and therefore comparatively high bearing pres¬ 
sures are permissible ranging from 5,000 to 8,000 pounds per square inch on 
the eccentric bearing and 2,000 to 3,000 pounds per square inch on the main 
journals. In this case, however, the eccentric bearing pressure is not of an ex¬ 
cessively high order. 

Eccentric bearing pressure = 442,000 = 4,620 lb. per sq. in. 

while the Journal bearing pressures are subjected to a pressure of j52,000 
_ _ , _, i . 9*75 X 8 

= 3,040 lb. per sq. in. 

As will be seen from the diagram shown on Fig. 3 we have assumed that 
the side plates will be approximately lOJHHnch apart. This space must be suffi¬ 
ciently wide to (a) accommodate the first motion spur wheel and pinion having 
a face width of 6 J^-inches and (b) to accommodate the pitman and at the same time 
allow a sufficient bearing area on the little end of the pitman to keep the bearing 
pressures within a reasonable figure, and finally a third factor (c) also must be 
taken into consideration, this being the dimensions of the main crank shaft 
journals, which must be sufficiently long for good engineering practice, this 
point having a marked bearing on the design of the steel frame, the calculations 
for which are now taken out in some detail. 

Frame—The general appearance of the machine is already known, both 
by experience and by usual engineering practice for this type of equipment 
and the preliminary design may now be taken out in the light of the data already 
accumulated, the preliminary sketch of the frame being detailed in Figs. 4 and 
5 as follows. 

It will be seen from Fig. 4 that the section O.A. (which is the section at which 
the maximum stress is likely to occur) is subject to three different stresses. 

(1) The direct stress which is uniform over the whole section and is equal 

A 

(2) The bending stress due to F acting on the moment armY + 8.5" 

(3) The bending stress due to F acting on the moment arm X. Refer to Fig. 5. 

As stated above (1) results in a uniform fti over the whole area (2) will 
create a maximum ft 2 along the face AB and a maximum fc 2 along the face CD 
(3) will create a maximum ft 3 at B and a maxim um f Cs at A. 

By analysis it will be seen that the maximum ft will occur at the point B 
and the maximum fc will occur at the point D. 



Fig. 10, (right). All-steel heavy-duty guillotine shears. Fig. 11, (left). All-steel crankless- 

type forging press. 


Total stresses at various points: 

A. ft = fti + ft 2 —fc3 

B. ft = ftx *-f- ft 2 ft 3 

G. fc — fc 2 -(fti + ft 3) 

D. fc = fc 2 + fc 3 — fti 

Position of Neutral Axis YY. 

Working from face AB as datum line 

-y- __ 2) first moments of sectional areas about datum line 
2 sectional areas 

2} == first moments of sectional areas about datum line. 

= 2 X 42 K X 2 = 170 X 21.25 = 3,615 in.* 

2 X 6 X 1-5 = 18 X 1.25 = 22.5 in. 3 

10 M X 1-5 = 13.75 X 1.25 = 19.7 in. 3 

10MX1 = 10.5 X 41-5 = 435.7 in. 3 

2) Sectional Areas 214.25 in. 2 2.F.M. Sect. Area = 4,092.9 


Neutral Axis X.X will lie in the center of the section. 

Moment of Inertia of Section about YY (by theorem of parallel axis). 

Divide the section O.A. up into a number of smaller sections, a, b, c, d, e. 

I yy of whole section =2) { I each section about its own axis + area 
of each section X (moment arm of that section about YY) 2 } 

Iabc YY = 22.5 X 1.5 3 + 33.75 X 17.85 2 = 11,966.32 ins * 

I 2 d YY = 4 - X 1 ^ 2 ^ 3 + 170 X 2.15 2 = ^6,373-54 ins. 4 
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It YY = 10 '\* —• ■ + 10.5 X 21.4 2 = ins. 4 


12 

Section Modulus Zyy 


_I_ 

Y 


43,600 

19.1 


43,600.73 
- 2,282 in. 3 


Moment of Inertia about XX (by theorem or parallel axis), 
lac XX = D ^ - 6 -- + 18 X 10-25 2 = 1,944 in. 4 

Isd YY = 85 * — + 170 X 6.25 2 = 6,691.6 in. 4 


IbtXX = 


12 

2.5 X 10.5 s 

12 

Section Modulus Z xx = 


= 240.7 in. 4 

8,876.3 in. 4 
8876.3 


13-25 


= 670 in. 3 


Direct Tensile Stress 


Area of cross section 
442,000 


214.25 

= 2,062 lb. per sq. in. 

Stress Due to F acting on moment arm Y. 

Bm = 442,000 X (8.5 + 19.1) = 442,000 X 27.6 
Bin 442,000 X 27.6 


ft Zyy 2282 

Stress due to F acting on moment arm X. 
Bm = 442,000 X 2 


ft = 


Bm 442,000 X 2 


Total Tensile Stress at B. 


670 


= 5,340 lb. per sq. in. 


= 1,320 lb. per sq. in. 


- 2.062 
5,340 
1,320 


8,722 lb. per sq. in. 

Refer to Fig. 6. 

Shear Stress on Sections XX and Xi Xi 

Area to be sheared = 2 X 13 X 2 = 52 sq. ins. 

2 X 8.5 X 2 = 34 sq. ins. 

86 sq. ins. 

f 3 --— — 2,930 lb. per sq. m. 

There are three main ways in which the frame could rupture, 

(1) By shear as shown above * 

(2) By shearing the 2" plates of the frame itself and the weld ABODE 
of which A to B and C to D is parallel to line of force and BC and 
DE are transverse to the line of force. 

or (3) By bearing stress between the frame and 0.1. bearing housing which 
is let into the frame. 



Fig. 12. All-sieel plate-edge planing machine. 


(1) Has already been dealt with above. 

(2) Amount of weld in longitudinal shear 

AtoB = 29 Yz 
CtoD= 24" 

Weld in longitudinal shear = 53 Yz" 

Amount of weld in transverse shear 

B toC = 9" 

D to E = 2J4" 

Weld in transverse shear = 11 

Allowing transverse weld 30 per cent stronger than longitudinal weld, 
determine the amount of transverse weld which would be required to give 
the same strength as the longitudinal weld. 

53.5 X 100 = 

130 

Equating ultimate strength of the reinforcing plate in shear through section 
XX and Xi Xi against the ultimate strength of the weld, we will determine the 
sise of weld required. 

Us X Area of Section = Ultimate shear strength of weld X length of weld. 
44,000 X 2(8 X + 10 X) = Uws X 41.2 + 11.25 
T T ___ 44,000 X 38 
Uws 41.2 + 11.25 
= 31,920 lb. per 1" 

Ultimate strength ,of weld metal using shielded arc = 60,000 lb. per sq. in. 


Therefore sise of weld required 


31,920 


= Say - fillet 

o 


n 60,000 8 

(3) Bearing Stress between C.l. Bearing housing and frame 
_ Load _ 252,000 
Projected Area 13*5 X 4 
— 4,660 lb. per sq. in. 
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Refer to Fig. 7. 
Determine Y. 


2 X 27 = 54 X 13.5 = 730 

2 X 16 = 32 X 19 = 608 

2 X 5 = 10 X 5-5 = 55 

1.5 X 30 = 45 X 27.75 = 1,245 


141 in. 2 
2,638 
141 


2,638 in. 3 


Determine X. 


2 X 27 = 54 X 8.75 = 473 

2 X 16 = 32 X 21.25 = 680 

2 X 5 = 10 X 5.25 = 52.5 

1.5 X 30 = 45 X 15 = 675 


141 

1,880.5 

141 


1,880.5 


= 13.35" 


From the above it is seen that the line of force almost coincides with the 
axis YY and therefore twisting is almost eliminated. 

Calculate for pure bending due to the force F acting on moment arm 8 ho". 
Ls of whole section 


2 X 16 s 
12 

30 X 1.5 s 
12 

2 X 27 3 
12 

5 X 2 2 
12 


+ 32 X 3 2 


684-5 in. 4 


+ 45 X 9 2 = 3,653 in. 4 
+ 54 X 5.2 2 = 4,740 in. 4 


10 X 13.2 2 = 1,745 in. 4 


10,822.8 in. 4 


~ 10,822 __q . 3 

Zxx = -jg-y- = 578 m. 3 
Bm = 442,000 X 8.5" 

ft = = 442,000 X 8-5 = 6,500 lb. per sq. in. 

Before web d (in section) can be relied on for strength as we have done above, 
it_must De welaed to the upright web in such a way that the ultimate strength 
of the weld equals the ultimate strength of the web so that it will not pull away. 
Length of weld = 12" 

Area of cross section in tension = 10 sq. ins. 

Ultimate tensile strength of steel = 55,000 lb. per sq. in. 

10 X 55,000 = 12 x 3 

where x is the required strength of weld per inch. 

10 X 55,000 

x =--- = 45,800 lb. per sq. in. 
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Fig* 13. All-steel heavy-duty punching and shearing machine. 


Allowing ultimate strength of weld metal (Shielded Arc) = 65,000 lb. per sq. in. 

Size of weld required = 7 ~ nrln ~ -"7" 

65,000 

Allow - fillet weld. 

4 

The foregoing notes indicate the procedure adopted by the writers’ 
company in the design of a machine frame. The resultant machine is 
efficient and strictly utilitarian and yet is very pleasing in appearance as is 
illustrated in the attached photograph, (Fig. 15), of the completed machine. 

As pointed out in the introductory remarks to this paper, the writers’ 
company has not placed the question of cost in an all important position, 
and yet as the following figures show, the cost of the above machine frame 
is very attractive in comparison with a similar machine utilizing a cast steel 
frame. We specify a cast steel frame in order to give a truer comparison, as 
a cast iron frame for a machine of this type would hardly be suitable owing 
to the great shock loading to which it would be subjected, and in any case 
the weight of such a frame, with the heavy body of metal required to 
withstand the stresses set up, would be excessive and no cheaper than the 
cast steel frame. 

The cost of fabricating the frame of the machine analyzed was as 
follows: 

Analysis of Cost Taken from Actual Cost Records Based on Australian 
Prices —Steel used in frame based on average cost of 4-cents per lb. Overhead 
Charges based on 120 per cent on productive labor and 10 per cent on ma^ 
terial. Oxygen based on $1.02 per hundred cubic feet. Cast Steel insert used 
in frame charged at 16-cents per lb. 
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Materials Cost. 

NOTE: 

The conversion of Australian money into dollars and cents is based on par values: 

2 American Cents = 1 Australian Penny 
Gross weight of steel utilized in frame, allowing 15 


per cent for scrap = 11298 lbs. @ 4 cents —.$451.92 

Plus 10 per cent Overhead Loading.-. 45.19 


497.11 

Less Value of Scrap Recovery.-.—. 11.86 


Total. $ 485.25 

Cost of Electrodes. 52.80 

Plus 10 per cent Overhead Loading. 5.28 


Total. 58.08 

Cost of Oxygen. 38.40 

Plus 10 per cent Overhead Loading. 3.84 


Total. 42.24 


C/f 585.57 

Cost of Coal Gas—(negligible, say). 5.00 

Total Material Cost Including Overhead! Charges..590.57 

Labor Cost 

Welding Productive Labor.$110.26 

Plus Overhead Loading 120 per cent. 132.31 


Total. 242.57 

Profile Machine Operating Productive Labor. 31.24 

Plus Overhead Loading 120 per cent. 37.49 


Total........ 68.73 

Marking OS’ Productive Labor.... 35.84 

Plus Overhead Loading 120 per cent.. 43.01 


Total. 78.85 

Apprentice Labor Productive Labor. 15.00 

Plus Overhead Loading 120 per cent.. 18.00 33.00 


Total Labor Cost including Overhead Charges... 423.15 

Total Material Cost including Overhead Charges__ 590.57 


$ 101 3.72 

Thus, it will be seen that the total cost for the fabrication of this frame 
works out at 10.9 cents per pound net, and in comparison we give the estb 
mated cost of a similar cast steel frame based on a very conservative 
estimate. 

The cast steel is taken as costing in Australia 16 cents per pound and 
we have assumed a weight of 9,943 pounds which is the same weight as 
the fabricated frame less the 1 5 per cent which is allowed for scrap (actually 
the weight would probably be considerably greater than this owing to the 
necessity to consider such casting problems as flow of metal, etc.) 
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Fig. 14, (left). End view of shearing machine shown in Fig. 13. Fig. 15, (right). All-steel 
heavy-duty open-ended cropping shear. 


This works out at.$1590.88 

Estimated cost of pattern. 380.00 

Total Cost of Cast Steel Unit... $1970.88 

Total Cost of Fabricated Unit. 1084.11 

Balance in favor of the Fabrication. $ 886.77 


This is a very substantial saving representing 44.66 per cent on the cost 
of the cast steel frame, though the pattern cost would of course be liquidated 
in the first machine, and if any subsequent orders are received for a similar 
unit, the saving would not be so substantial but would still represent 31.8 
per cent. 

In conclusion, may we stress again the value of welding as applied to 
machine frames in Australia. Summarized, the advantages are: (1), probable 
cheaper construction; (2), greater reliability; (3), availability, without fear 
of loss through enemy action; (4), increased efficiency due to greater rigidity 
thus leading to reduced operating costs; (5), the clean, modern appearance 
assisting in the making of sales; (6), faster production times; (7), freedom 
from loss through hidden defects; (8), the elimination of pattern cost and 
pattern storage; (9), the greater flexibility of design enabling the manufac¬ 
turer to produce the exact machine required by the purchaser for his par¬ 
ticular purpose. 

These nine reasons must surely convince the most skeptical that the weld¬ 
ing industry has made a very marked contribution to the social structure, 
even in times of peace, and how much more so is this obvious in times of 
war, when maximum production is a sacred duty. 










Chapter II—Bed for Milling Propeller Blades 


By P. W. Martin 

Secretary and' Chief Engineer, Smalley General Co., Bay City, Mich. 



Subject Matter: Cost estimate indicates saving by welding of 
15 per cent over cast iron bed. Welding made possible delivery 4 
weeks earlier than previous cast iron beds. Siz;e of bed 16-feet by 
2-feet 4-inches, weight 4,500 pounds, cost $1,640. The bed was 
heat treated before machining and stood up well during han¬ 
dling. Paper describes in considerable details all steps of manu¬ 
facture such as assembling, welding, machining, planing, drilling, 
topping, etc. It was possible to provide larger openings than 
in a cast iron bed and obtain more space inside for motor and 
wiring. 


P. W. Martin 


There has been a great deal of discussion for and against steel beds for 
machine tools. Some claim that the fabricated beds vibrate, causing chatter 
and noise and also that they are not rigid enough to hold their shape and 
spring under the load. Another claim which has been made is that they 
do not retain their shape. This latter point is very important, particularly 
in a precision machine for if distortion occurs through seasoning, it is thrown 
out of line. 

On the other hand many claim that the steel beds are lighter, stronger 
and do not distort through seasoning. It is also claimed that they are amply 
rigid and are not subject to cracking which sometimes occurs in a cast iron 
bed. A cast iron bed will sometimes crack in heat treatment and they have 
been known to crack after they have come from the foundry before heat 
treatment. Internal stresses are sometimes caused by uncovering the castings 
improperly or removing them from the sand too soon. 

Another difficulty encountered in cast iron beds is in obtaining the proper 
mixture. There is a popular demand at the present time for close-grained 
hard iron. This iron takes a higher polish than the old open grain iron 
and the hardness gives it longer wearing qualities. The thickness of a cast¬ 
ing usually varies considerably in different parts. In many places the wall 
can be much thinner than in other places and these mixtures of hard iron 
are liable to chill and become very hard and brittle at the thinner points 
when the hardness is just about as desired at the heavier points. In a machine 
with moving members the ways are usually heavy, while some of the other 
parts of the bed can be of much lighter section. The result is, if considerable 
care is not taken, the lighter sections which have some machined surfaces 
are too hard and brittle to be worked. 

Another point about a cast iron bed, which is by no means always present, 
is the difficulty of obtaining the desired shape due to intricate coring. In a 
fabricated bed this can usually be obtained much easier and there is no 
liability of loss as in a casting. Another advantage of a steel bed is that it 
has greater strength and therefore is not subject to breakage. 
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Fig. 1. Rear view of thread miller with propeller blade in place. 

It is a well known fact that cast iron has a tendency to dampen vibration. 

It also has a tendency to wear better than soft steel and has less tendency 
to cut. This being the case it is comparatively easy to provide cast iron ways 
for a bed by bolting them to a steel foundation. This has an added advantage 
over the cast iron bed in the fact that the ways can be renewed when worn 
or badly cut. 

A short time ago we received a contract for several special thread 
millers. These were for the purpose of milling propeller blades, and not 
only did they have to have a large diameter spindle but they had to have ways 
on each side of the main spindle bearing. On one side our milling head 
operated and the other side was used to true up the opposite end of the 
propeller blade so that it would rotate on its true axis. These ways had to 
be in line. 

There are several features of this machine which are quite different 
from our standard machine on which we have been using cast iron beds. 
One of the principal differences was the large diameter hollow spindle. 
After considering the matter from various angles we decided to use a steel 
bed. We could get that quicker, and that was an important element. Also 
we figured that, for the limited number at any rate, we would save expense 
because of the saving in the cost of the pattern, boxes, etc. We therefore 
worked up the design which is shown in the enclosed prints and photo" 
graphs of the finished machine. 

We decided to use half inch plates in the sides of the machine, (See 
Figs. 1, 2 and 3), and as we wanted these to remain at a constant width we 
cast steel bearings for the spindle and used them for separators. The bear" 
ings were machined before placing them in the bed leaving -kiednch on the 
bore and on the end for finish after welding together. This machine w T ork 
was much easier to perform on the boring mill than after the bearings were 
welded in place. We made a mandril which secured the two castings with 
the proper spacing and prevented their shifting in welding. Wings were 
provided on each casting which, on being finished, made the proper spaces 
for the side plates and also braces for the bed. The castings were then, ofj 
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course, solidly welded into the structure. On the right end of the bed 
the milling head was mounted and therefore this end had to be very rigid. 

In thread milling we get severe side thrusts as well as down thrusts and 
also a tendency to vibrate or chatter due to the intermittent action of the 
cutter. We therefore decided to place the iV^dnch strips along the top of 
both extensions and these would afterwards be planed off and the ways 
bolted to them. Between these ways we needed a trough to catch the 
coolant and chips and direct them to a pan down underneath. We therefore 
placed heavy separator plates at 18-inch intervals in the right hand section 
and they extended clear to the bottom in some cases and part way down in 
others. These not only provided a series of braces but broke the side plates 
up into small square sections thus reducing the liability to vibrate. These 
plates were cut out with a U-shape gap in the center which formed the base 
for the trough and thus they were permitted to run up to the under side of 
the top plates so they could be welded to them. A U-shape plate was then 
placed in the trough but the edge did not come up to the top plate but left 
a space of approximately 2 finches between the top plate and the top edge 
of the trough. This was to permit access to the bolts which were used to 
hold the ways in place. They will be mentioned later. 

On the bottom of the right hand end was placed a plate which formed 
a pan into which the coolant was directed and stored. The rear side plate 
had two arched openings cut in it to give access to the pan for cleaning, and 
the edges of the bottom plate were bent up on an angle of 45 degrees to a 
height of 4hidnches. At the clean-out points there were lips placed on the 
outside of the pan so as to enable the helper to place the pan under the lip 
and prevent the oil dripping on the floor. Running down from the bottom of 
; the trough was a chute. Under this chute and level with the top of the pan 
were placed two angle slides. These carried a pan 4-inches deep. The pan 
was punched full of ^6'inch holes to permit the coolant to run out but to 
retain the chips. This arrangement permitted the helper to draw the pan 
out and dump it. It also prevented the necessity of cleaning out the bottom 
of the pan at frequent intervals. The plate under the right hand end of 
the main bearing went clear to the bottom thus tying the whole bed together 
and forming the end of the pan. 

On the left hand end of the bed we put the same top plates, but as it 
was not necessary to have the same rigidity there, we cut away the back 
p^ate^ and thereby provided an opening into which a 7^/2 horsepower four 
speed motor could be inserted. This opening was tied together at the top 
and bottom and a tilting base was placed inside for the support of the motor 
so it could be adjusted to tighter, the belt. There was also an opening in the 
front plate to provide accessibility to the screw r s which operated the tilt of 
tne table. A shallow trough was placed between the ways at this end with 
a sump up against the bearing which drained into the pan at the other end. 
At the extreme left end a door was provided which gave a small storage 
space tor tools. 

Between the two end plates under the bearings was placed a tilted plate. 
Tms was welded in tight and a hole placed flush with the plate so that the 
drip trom the bearings would run down into the pan. This prevented the 
oil from getting onto the floor. There were two other openings placed 
beneath this drain plate. One for the reception of the pole changing switch 
and the coolant pump switch inside. The other hole was to enable the 
electricians to wire the motor. Louvre covers were placed over all the open¬ 
ings. Around the bottom of the bed were welded steel feet. These were 
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Fig. 2. Front view of thread miller. 


provided with, holes for anchor bolts and leveling screws. The feet were 
placed below the pan so that in planing we did not have to carry the cut all 
the way across the bottom but simply along the lines of the feet. 

The main spindle was driven by a train of gearing which was mounted 
in a fabricated gear box. This box was placed on the back of the machine 
after assembling. The power shaft came through the end plate of the box so 
that the V-belt sheave could be placed thereon and be driven by an inclined 
belt from the motor. The gear box was made up of steel because a cast 
iron box would require rather complicated coring. 

In machining this bed we turned it on its side and planed oil the feet. 
We then turned it right side up and planed off the retention for the caps on 
the steel bearings. That gave us a starting point for the distance of 15 inches 
from the center of the bearing to the upper surface of the top plates. These 
were then planed off using a shear tool for the finishing cut. This left a 
smooth surface for scraping. The edge of the opening which had been 
formed by welding in V 2 " by l'inch bars were then planed off as were also 
the strips welded on the back for the reception of the gear box. The bed 
was then sent to the horizontal boring and milling machine to finish the 
extreme right and left hand ends. Extreme care was taken to get the proper 
lineup between the right and left hand ends. The top plates were then 
scraped into surface plates and the top plates drilled with a jig. In planing 
these we cut a Vi' by }/ 4 'inc h key way down the full length of the top plates. 

The cast iron ways which were Iki'inches thick made of a hard close 
grained iron had been previously planed to size and scraped. The bottoms 
of the plates were then drilled with blind holes and tapped. Then we 
placed studs in the ways and a key in the center where there was a keyway 
to match the one in the bed. Next the ways were bolted down. The opening 
which had been left between the top edge of the trough plate and the bottom 
of the top plate permitted the assemblers to reach the nuts that were placed 
on the studs. On applying the face plate to the top of the ways it was 






Fig. 3. Details, fabricated steel bed- 


found that there was very little work necessary to true them up. In fact 
the time required to scrape and assemble the ways on the bed was not as 
long as that required to scrape in a similar cast iron bed. 

The greatest inaccuracy of such an operation is in the bed itself and 
with a steel bed the distortion due to seasoning was less than the distortion 
in a cast iron bed and the steel bed was softer and could be worked faster. 

It is necessary of course to heat treat both steel and cast iron beds before 
finish machining to relieve the internal stresses which later cause distortion 
if not removed. The bed was then taken to the boring mill for the boring 
operation. There the Vie 'inch which was left for finish was removed, thereby 
insuring perfect alignment and proper size. The ends were also faced. 

In handling the bed for these various operations after scraping there 
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is a liability that the bed will spring out of line if not sufficiently rigid. When 
the bed was brought back to the assembly floor we found that it was abso^ 
lutely in line. We had been warned by some that unless we gave it a second 
heat treatment after rough machining it would distort and get out of line 
in handling. After putting in the bronze bushings we handled it again with 
slings and still had no difficulty. 

On completion and test we found that the steel bed functioned perfectly. 
There was absolutely no vibration or noise and on examining the threads 
produced there was no unusual spring. We took exceptionally heavy cuts 
with the form milling cutter with the same results stated above. 

The weight of the steel bed before machining was 4500 pounds. It 
was 16<feet 8dnches long and 2'feet 4dnches wide. 

In planning the cutting of the steel the side plates were cut 26'inches 





















752 


STUDIES IN ARC WELDING 


wide so that the weld with the bottom plate was on the bottom and did 
not show. In the center at the bearings an extra plate 16%'inches wide was 
welded onto the side plate to cover the upper part. This was more economic 
cal in cutting than it would have been to make it all of one plate 4 V/z -inches 
wide. The side plate was beveled so that we had a good weld after grinding 
smooth. The side plates were rounded at the end corners and the end plates 
welded in between. The heavier cross plates were flame cut and their width 
maintained exactly. We had a cutting machine for this work. 


The cost of the steel bed was as follows: 

Welded bed 4500 lbs. including heat treatment...-..$ 893.00 

2 bearing castings bottom half 352 lbs. @ .12$ lb--- 41.64 

Machining castings. 20 hrs. @ $2.50 per hour. 50.00 

Planing, 69 hrs. @ $4.00 per hour. 240.00 

4 Ways 1483 lbs. @ .11 per lb. 163.13 

Planing ways ready for scraping, 26 hrs. @ $4.00. 104.00 

Drill and tap ways, 3 hrs. @ $2.00-. 6.00 

Scrape bed drill and fit ways, 60 hrs. at $2.00—. 120.00 

Final scrape after attaching ways, 10 hrs. @ $2.00. 20.00 


$1637.77 

In welding it was possible to keep the bed very straight so we were not 
bothered in machining it. 

This steel bed had several advantages over the cast iron bed. First, the 
ways are renewable. If in time these machines get badly scored or require 
truing up, due to wear, new ways can be put on them. Or, if this wear 
is not too much, a Vie "inch shim of steel can be placed under them thus 
raising the ways and they can then be planed off to the same height they 
formerly were and be scraped. Furthermore the bed is much stronger than 
the cast iron bed. In handling the machine in the plant where they were 
installed, they placed slings through the oval holes provided at each end 
and picked up the machine. When the riggers did this they questioned 
whether it would be safe to pick it up by the end in that manner. The 
machine was very quickly handled in this way and did not spring. Later 
they raised the machine by placing slings in the recesses provided for jacks 
and raised it with one hook. They were again skeptical as they had been 
handling some other cast iron beds of equal length and they had to space 
slings very differently. The fact that the beds had not sprung in any way 
was shown by the fact that they leveled up very easily and accurately. 

In contrast with this steel bed we give below a comparison of the cost 
of a cast iron bed with solid ways and one with removable ways. The latter, 
of course, is the truest comparison. The figures given are obtained by comp an 
Ing the actual time of machining our standard No. 27MB1 bed which was 
almost exactly half the size of the steel bed when considering the ways. I 
think these costs are very accurate. If anything they are on the favorable 
side for the cast iron bed. 

A cast iron bed similar to the one we formerly used could not have been 
made up as advantageously as the steel one because: 

(a) It would not have been advisable to have such a large opening in the 
side for the motor because of weakening a cast iron structure. We had to 
have a large motor, and if placed outside it would have occupied valuable 
floor space, been in the way and would have been unsightly. 
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(b) We could not have obtained the space inside for wiring, etc. and at 
the same time obtained the pan with the same ease. 

(c) The cast iron bed with solid ways is difficult to repair, as mentioned 
above. 

From the above it will be seen that the steel bed possessed many ad van' 
tages which cannot be summed up in dollars and cents. 

Cost of cast iron bed with solid ways 


Pattern $735.00, Y 12 of same.$ 61.25 

Box $220.00, M .2 of same. 18.33 

Casting weight 6550, @ .IOV 2 .-. 687.75 

Grinding surface for painting, 10 hrs. @ $1.75. 17.50 

Heat treatment, .01 per lb., wt. 6550. 65.50 

Steel pan . 160.00 

Legs, including attachment. 120.00 

Planing, 123 hrs. @ $4.00 per hr. 492.00 

Scraping, 108 hrs. @ $2.00 per hr. 216.00 


$1838.33 

With a cast iron bed equipped with removable ways the price would 


run as follows: 

Pattern $735 total Yx% of same.$ 61.25 

Box $220.00 Vi 2 of same. 18.33 

Casting weight 6550 @ •09 1 / 4 (soft iron cheaper)..... 622.25 

Grinding surface for painting 10 hrs. @ 1.75__ 17.50 

Heat treatment .01 per lb. wt. 6550. 65.50 

Planing 112 hrs. @ 4.00 per hr. (soft iron faster). 448.00 

Steel pan . 160.00 

Legs and attaching. 120.00 

4 cast iron ways 1483 @ .11 per lb. 163.13 

Planing ways ready for scraping 26 hrs. @ 4.00. 104.00 

Drill and tap ways 3 hrs. @ 2.00. 6.00 

Scrape bed, drill and fit ways 60 hrs. @ 2.00 . 120.00 

Final scrape after attaching ways 10 hrs. @ 2.00. 20.00 


$1925.96 

As this casting could be of soft iron I have put the price at .O 9 Y 2 P er 
pound and as it would machine more easily I put the planing time at 11 hours 
less. 

In the case of both the cast iron beds we figured Ylz of the pattern 
expense and Vl2 of the flask expense. There were 12 machines in this lot 
and while it is a special machine now it can easily be standard machine for 
this particular work in the future. However some basis for figuring had to 
be adopted and taking Yl 2 the expense seemed reasonable especially inas' 
much as pattern upkeep would help equalise the charge. 

We specified a steel pan in the cast beds because our experience has 
been that often a bed with the pan cast as an integral part proves to be 
defective and leaks and often results in the loss of the castings. 

Gleaning expense was put into the cast iron bed because it is an item 
which often seems higher than I have given it. The steel beds were welded 
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by a contractor and be ground down any welds so that we could apply our 
paint without so much preparation. V/e could also omit the filler and the 
difference in painting the two machines would be considerable although 
not considered. 

Where similar operations, like boring out the heads, were of equal 
length we did not consider them. Another thing we omitted mentioning 
was the caps. They would be the same in each case. 

We did not carry out the design of the cast bed.to completion because 
we saw we were going to have awkward situations in coring, etc. in order 
to get the clean, smooth outward appearance we desired. We have also 
previously mentioned other considerations. The price of the welded steel 
gear case was left out of both beds because we would have followed the same 
construction in either case. The coring in a cast case would have been very 
difficult and expensive. By making it of steel we obtained a very strong and 
rigid case with bearing supports wherever we wanted them and at the same 
time it was lighter than cast iron. 

When the machine was started on its work we took some very heavy 
cuts and crowded the feed, but in the pieces that were of the proper hard¬ 
ness, there was no chatter. This was true in both form milling and thread 
milling. At no point was there any vibration of the sides nor any noise. 
Later we had some parts which were extremely hard. They Brinelled nearly 
400. The shank of the propeller blades projected beyond the chuck about 
10-inches and we got a very bad chatter. However, all the vibration was in 
the piece and the cutter. There was an entire absence of vibration in the 
chuck and the milling head. Out at the end of the work the vibration was 
however very noticeable thus showing that it was the work that sprung and 
not the machine. In designing the cutters we specified a l^inch bore but 
they were made up with a lJ/ 4 -mch bore. The weakness of the arbor was a 
contributing cause to the chatter. At no time was there any unusual noise or 
vibration noticeable in other parts of the machine. The firm getting the 
machine was very much pleased with it and naturally we were very much 
pleased with its performance. The purchaser commented very favorably 
upon the appearance of the machine as a whole. 

To sum up—our experience with the steel bed was most gratifying. The 
total weight of the machine was no more than our standard machine which 
has no extension of ways on the back end of the machine. It showed a very 
high degree of stability and rigidity. It was very quiet in operation and its 
appearance was all that could be desired. It was clean and sufficiently stream- 
lined to meet the demands of the most critical. As stated earlier in the 
paper, we were very strongly advised by a number of people, including some 
machine tool manufacturers, against going to a steel bed. Some said it would 
be noisy, some that it would spring and chatter and others claimed that it 
would not retain its accuracy, but would distort. None of these prophecies 
came true and we have had the first machine running for several months. 
Another point which we think we have demonstrated is that one heat treat¬ 
ment after the welding was completed, was sufficient. 

As usual we can see places where we would do differently next time. For 
instance we w r ould make the bearing of iV^hnch bars either bent to shape 
or cut from solid. This would be cheaper, quicker and do just as well. We 
would also cut out two of the 4 x % squares braces or panels in the rear 
end as we are convinced they are unnecessary. 

The advantages of the steel bed over the cast iron beds can be summed 
up as follows: 
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Steel bed Solid ways Removable ways 


Cost of each bed.----- 

Additional cost over steel bed. 
Percentage saved by steel bed. 
Saving in 12 machines.— 


1637.77 1838.33 1925.96 

200.56 288.19 

10.91% 14.97% 

2406.72 3458.28 


With the steel bed we estimate that we delivered the first machine about 
four weeks sooner than we would have with the cast iron and all succeeding 
machines have come through faster. This saving in time is important in this 
National emergency. Also as stated before our design was much better not 
only in appearance but in arrangement and accessibility. The elimination of 
the risk of losing a casting is also worth considering. 

The bed was assembled and welded by the Valley Welding and Boiler 
Co. of Bay City, Mich., to the design furnished by the Smalley General Co. 







Chapter III—Assembly of Five Separate Machines 

By E. W. Allardt, 

Mechanical Engineer , Babcoc\ and 'Wilcox Tube Co., Beaver Falls , Pa. 



E. W. A [Sard! 


Subject Matter: The machine is unique in that it is constructed 
from electric arc welded parts and it also produces an electri¬ 
cally welded product. The mill was built to produce standard 
pipe and tubing in sizes from }/>-inch to 3-inches. The mill first 
forms the strip into a cylindrical tubular shape, then welds the 
edges together, then shapes the tube and cuts it. Welding is 
extensively used in coil box, roll stands, sizing mill, gear housing 
and drive attachments. The factors which led to decisions to 
build the tube mill completely of arc welded steel were: (a) cost 
saving which included economy of material and economy of 
production; (b) time saving; (c) facility of production; (d) 
durability. 


This modern and streamlined assembly of five separate machines, (See 
Figs. 1 and 2), performs a sequence of operations on flat-coiled strip steel, as 
follows: 

First, it forms the strip into a cylindrical tubular shape, then welds the edges 
together, then sizes or shapes the tube, then finally cuts the tube into uniform 
and usuable lengths. The entire assembly should be considered as one ma¬ 
chine, or at least as a unit. No one machine can be considered a complete 
unit in itself. 

Such a unit is unique in that it is the first such material-processing assembly 
to be so completely constructed from electric arc welded parts, and further 
so in that it produces an electrically welded product. 

From a total weight of 64/700 pounds for the entire assembly, 40,750 
pounds, or 63 per cent, of this total weight were arc welded parts. The bal¬ 
ance of the weight was made up of such items as cast housings, shafts, gears, 
bearings, adjusting screws and dials, welding transformer and non-ferrous 
parts for the welder, drive shafts and gearing. 

It was only after careful study and design work, and after trial con¬ 
struction and experimenting with similar but separate machines, that this 
complete unit was constructed. There was no doubt, however, about the sub¬ 
stantial savings to be effected by using arc welded type of construction. 

Description—The complete electric weld pipe mill shown in illustrations, 
Figs. 1 and 2, was recently completed and contains interesting features and 
developments. This mill was built to produce standard pipe and tubing, in 
sites from ^4-inch to 3-inches inclusive, of low carbon pickled strip steel. 

The mill consists of “A” a coil box, “B” forming mill, “CT electric seam 
welder, “D” siting and straightening mill and “E” flying cutoff and runout 
table. 

The appearance of the mill is very pleasing with its smooth, flat base sides, 
its rounded corners and with almost a complete absence of projecting screw 
heads. Its appearance is one of ruggedness, of durability and of precise con- 
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struction. Such construction and appearance makes for a desire and ease of 
continued cleanliness and pride of work. 

The coil box A , Fig. 1, is long enough to hold two large-diameter coils 
of strip, the first coil paying-off while the second is held in place until the 
first has been run out. Then the second coil is moved into its paying-off 
position making space for another coil, w^hich then can be placed in its sup¬ 
port while the preceding one is being fed to the forming mill. The side plates 
are adjustable for different widths of strip as required for the different sizes 
of tubing. 

The coil box is constructed entirely of arc welded steel plate, except for 
rolls, bearings and screw parts. 



Fig. 1. 5-Unit metal forming machine. 


The tube forming mill Fig. 1, as well as the sizing and straightening 
mill “D”, Fig. 1, are built up of individual tube-forming roll stands, all 
assembled on arc wielded bases. Each roll stand is complete in itself with 
tapered, roller bearing mounted, hardened and ground roll shafts, worm gear 
drive, also running on tapered roller bearings, and toggle gear drive between 
lower and upper roll shafts. All the gears run in a bath of oil, in dust and 
oil tight housings. The outboard housings are arranged to slide off the shaft 
ends after the shaft nut has been removed. Keyways are cut in bottom of 
housings and when machine is assembled and properly aligned then keys are 
inserted through keyways, then welded to base top plate. The inner races 
of the roller bearings in these housings serve also as a spacer to clamp the 
forming rolls and spacing collars into place. 

The roll stands are interchangeable and are connected by couplings that 
are easily removable. 

The upper roll shaft adjusting screws are provided with micrometer in¬ 
dicators to make it possible for the operator to record roll settings for his 
convenience during a future setup of the same set of tube forming rolls. 

The entrance end of the mill is provided with a pair of easily adjusted 
edging rolls to round objectionable burrs from the slit edges of the strip and 
to insure that the width of the strip going into the mill and welder is held 
to decimal tolerances. 

In the forming mill the fiat strip is progressively formed, while passing 
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through several pairs of forming rolls, into cylindrical tubular shape with 
edges finally butting before passing through the welding operation. 

In the siting and straightening mill, the now welded tubing passes through 
rolls and is reduced in size to the final micrometer dimensions and, by means 
of adjustable rolls, is finally straightened to commercial tolerances. 

The bases for the forming and siting mills, as well as the edging roll 
stand, the toggle gear housings and drive attachments are all fabricated of 
arc welded steel. The design of the bases presented quite a problem to provide 
a smooth, unbroken exterior surface, and to make provisions for adequate 
water-tight drains for the soluble oil roll lubricant that must be drained to a 
sump for recirculation. Several design drawings were made and carefully 
studied and, when the design was approved, a trial base was constructed and 
subjected to rigidity tests. The base was found to be rigid and free from 
structural weaknesses. 

To provide a smooth unbroken exterior for this base, the foundation bolt¬ 
ing flanges are welded to the inside of outer walls. And because soluble oil 
must be copiously cascaded over the rolls, while in operation forming the tube, 
a drain is provided all around the finished top plate in the form of an angle 
as shown in enlarged section on right hand side of sheet. The soluble oil is 
drained into the welded-in sump, shown in center of base, from which it is 
again pumped over the rolls. The top plate is welded to the angle forming 
the drain and is further supported by partition plates and other stiffeners in 
a strong and rigid manner. The key shown on the top plate serves to align 
the drive housings when assembled on the base. 

Water-tight ness of the drain troughs and interior sump is very necessary 
for successful, trouble-free and clean operation of this mill. This has not 
been difficult to obtain because the well-trained welders, having been instructed 
from “Procedure Handbook of Arc Welding Design and Practice”, are thor¬ 
oughly competent of such construction. 

A brief study of the construction of this base will disclose a saving in 
weight and efficiency of construction, all of which favors arc welded steel 
instead of a cast base; not only because of the greater strength of steel plate 
but also because of the facile use of arc welding design and practice. 

The toggle gear housing was originally made of a steel casting but, because 
of machining difficulties due to core sand and warp age, it was finally made of 
arc we Iced cold-rolled steel side plates and connecting members, in a jig. 
This construction allowed the elimination of all machining except the drilling 
of holes for gear shafts. This reduced the cost to one-third that of a cast part. 

The main drive of the mill, not shown in photos, is from a high starting 
torque motor equipped with a magnetic brake, through a variable speed drive 
unit having a remote electrical control. This unit is connected to the main 
drive shaft, that connects the forming and sizing mill, with multiple roller 
chain adequately protected and running in oil. A jaw clutch is provided in 
the drive between the mills so either can be run should occasion demand. 
The various drive brackets and levers are all of arc welded steel. 

Next in line is the seam welder “C” in Figs. 1 and 2. In this unit the base 
and its separate top plate, transformer supports, the cover over all of the 
rotating parts, roll housings, water cooling connections and various brackets 
are all made up of plate, or bars, in suitable arc welded assemblies. 

Various parts such as auto-transformer, contactor panel and tap switch 
are mounted in the base. To facilitate assembly, the top plate of the base is 
separate and bolted to the upper reinforced rim of the base. To the underside 
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of this top plate is bolted the transformer assembly elevator screw drive and 
motor, and to the top side is bolted the transformer assembly, welding rolls, 
outside bead trimmer and other machine parts. 

In this machine the rotating copper alloy electrodes contact the opposite 
sides of the seam to resistively heat the edges to welding temperature. The 
welding rolls on both sides of the tubing and below the electrodes exert forging 
pressure to the hot seam and hold it during the almost immediate freezing of 
the metal. The welder and mill controls, mounted in an arc welded box, are 
within easy reach of the operator. 

Then last in line, E” in Figs. 1 and 2, is the flying cutoff and its runout 
table with side discharge, practically all constructed of arc welded steel. The 
cutoff machine is a recent development and is entirely automatic in its opera¬ 
tion. The tube passing through the center core of the arc welded steel cutting 
head and onto the arc welded steel runout table, strikes a switch, adjustably 
mounted along the runout table, which causes the carriage holding-latch to 
be released, allowing the counterweighted carriage assembly to move for¬ 
ward with the tubing. At the instant that the carriage starts its forward 
movement the gripping chucks, also of welded steel construction, operate to 
hold the tubing rigidly while at the following instant the cutters move in¬ 
wardly to make the cut. 

The hollow arc welded cutting head rotates on tapered roller bearings 
in its arc welded steel housing, and together with the enclosed cutter actuat¬ 
ing mechanism, is oil bath lubricated. 

After the cut has been made the cutters retract, at which instant a switch 
is operated to cause the solenoid air valve to function the air cylinder which 
returns the cutter head carriage and chuck assembly to its latched starting 
position. The cut piece of tubing continues on its way down the live roller 
table until it strikes a switch, which causes the side discharge arms to deposit 
the tube onto a truck. 

Because the large and long stroke air cylinder requires a considerable 
volume of air, an air-storage tank is welded into cutoff base and carefully 
reinforced with welded-in tie rods, and tested to 1500-pound hydrostatic 
pressure. This tank is shown in Fig. 2 at reducing valve end of base. 

In a flying cutoff of this type it is imperative that the weights of all 
moving parts, particularly those that must be quickly accelerated, be made as 
light as possible and yet strong enough to stand the severe service. This 
elimin ation of weight helps reduce any operating inertia, and provides for 
considerable increase in operating speeds. Arc v/elded steel construction 
meets this condition very satisfactorily and economically. 

The counterweight column and its parts shown at end of cutoff, in Fig. 
2, are also fabricated of arc welded steel. 

Decision Factors—The factors which led to decisions to build this tube 
mill so completely of arc welded steel were: 

(1) Cost saving which includes: 

a. Economy of materials 

b. Economy of production 

(2) Time saving 

(3) Facility of production 

(4) Durability 

(1) Cost Saving —It was previously mentioned that before this mill was 
constructed careful study was made, and experimental but similar and separate 
machines were constructed to prove the efficacy of such construction. 
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The es tima ted costs, shown in the following table, can be considered very 
accurate because of the cost data collected from these similar but separate 
machines. Actual cost figures, later computed, substantiated these indicated 
savings. 

In the possible cost saving study made, comparison with cast bases indicated 
a very large saving, as shown in accompanying tables. 
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Recapitulation From the foregoing tables, tbe following significant 
figures are obtained: 


Total time for cast bases___ 1,630 hours 

Total time for arc welded bases__ *585 hours 


Total time Saved_ 1,045 hours 

Total weight cast bases____64,300 pounds 

Total weight arc welded bases_32,500 pounds 

Total weight Saved--__31,800 pounds 

Total casting costs including machining___....._.$6,765.50 


But deducting for continued pattern use by assuming that three 
castings can be made from patterns before total damage to patterns 
and coreboxes requires additional pattern time equivalent to the 
original time, then only one-third of pattern building cost should 
be charged to first job. This amount is $811 instead of $2,432 
which included time and lumber, a deductible difference of:.$1,621.00 


which makes— 

Net cast base cost________$5,144.50 

Total arc welded base cost....... 2,024.87 


Total savings .-.....$3,119.63 

Percentage time Saved = ......... 64% 

Percentage weight saved = ___ 49.5% 

Percentage Cost saved = .... 61% 

The results of this analysis show a total time saving of 1,045 hours, which 
represents a great saving and means economy of production. The material 


saving of 31,800 pounds in bases alone represents economy of materials, which 
in such critical times as the present, means conservation at its best. The 
cost saving of $3,119.63, in bases for this one mill alone, does not represent 
the total cost saving of all crr-tir.rert items as shipping cost, handling etc., 
nor does it represent the total saved on the entire mill because many more 
parts on this mill were made of arc welded construction. 


It is interesting to note that the total casting cost including machining, as 
$5,144.50 


estimated 


64,300 lbs. 


= $0.08 per pound, while the total estimated cost for 


$2 0?4 87 

arc welded bases, also including machining, is -■ IT = $0.0625 per pound. 

J.ds, 


Estimated Total Annual Gross Cost Saving—If the above total of cost 
saved for bases alone for this one mill is multipled by seven, which is the 
number of electric v/eld mills built of this construction in the past year, a total 
saving of $21,837.40 is obtained. 

The total saving of time for this number of mills, 7,315 hours, represents 
an appreciated economy of time released for other vital production. 
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Fig. 2. Another view of 5-unit metal iorming machine. 


If all other are welded parts used in this mill are considered, the total 
saving would be approximately $25,000 and 8,000 hours time. 

If all other manufacturers making similar mills would use arc welded 
construction as above described, the total saving would be approximately 
$100,000 and 32,000 hours time. When this saving is considered during 
peace times, the effect is gratifying and demands the use of arc welding, 
but even more acutely during these times of stress and extreme urgency. 

The factory cost difference between cast bases and welded bases, while 
astonishing in its amount, was not unexpected, because of previous ex¬ 
periences. Because of the difference in weights, while retaining similar 
strength of structure, economy of material is enjoyed as well as economy 
in final shipping costs. And especially, during these times of optimum effort 
for conservation of materials to effect a greater spread of militarily useful 
goods , is this weight and material saving beneficial. 

(2) Time Saving—The indicated saving of time, 1045 hours, between 
the two sorts of bases is, in general, indicative of the saving to be enjoyed 
using arc welded structures and parts. Particularly is this so if one considers 
the time saved by not having to wait for delivery of castings such as here 
described, in addition to the direct saving of time between actual pattern 
making time and wielding time on similar parts. 

The desire on the part of workmen to continue and to demand such time 
saving seems to become inherent in organisations using arc welded parts and 
equipment. Workmen become impatient, if once they become accustomed 
to this time economy, when delays are caused by failure to receive cast parts 
when needed. 

(3) Facility of Production—The facility of arc welded construction is 
so apparent that it hardly seems necessary to mention it. Some of the fore¬ 
going remarks apply to the facility but probably one other comes to mind. 
During the construction of a mill as herein described, minor changes, due 
to errors, may become necessary. These errors are easily corrected with dis¬ 
patch and usually without the time necessary to disassemble, as might be the 
case with cast structures. And furthermore, improvements thought of during 
construction and assembly, can and are made without the necessity of pattern 
changes and new castings, simply by fabrication done quickly on the job. 
The importance and value of such facility are quickly accepted by all work¬ 
men concerned and seem to engender suggestions for improvements and help 
to speed up the final construction, instead of hindering it. 
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(4) Durability The durability of such arc welded equipment is beyond 
dispute. In older types of similar construction it was not uncommon to have 
a customer report parts, bases, legs, brackets, covers and other parts broken 
in transit or during operation of equipment. Since the adoption of arc welded 
construction, such complaints have entirely disappeared. 

It is necessary ir mi Lis or this sort that there be no warpage or deflection 
that would cause rolls and other accessory parts to become misaligned. These 
mills are entirely free from such trouble. Some of these bases have lubricant 
reservoirs welded in, others have soluble oil sumps or tanks welded in as part 
of the structure, others have air tanks, adequately re-enforced, built in as a 
necessity for the successful operation. In all of such instances no trouble or 
leakage has been encountered even though such parts have been subjected to 
long hauls and shipment. 

Many of the bases above mentioned are not normalized, but have peened 
welds for the purpose of counteracting the natural deflections from heat of 
welds. Housings of welded steel where alignment of roller bearing mounted 
shafts and parts are included are usually normalized to insure stability of 
the structure. 

Possible Future Construction—Recently, several roller head drive hous- 
ings rather intricate in design and shape, complete with cover and caps, were 
made of arc welded steel for a similar mill because some castings could not 
be obtained in time for scheduled completion. In another instance, such arc 
wielded housings were quickly made to replace broken cast housings, not only 
because castings could not be obtained in time to get customer back into 
production quickly, but to furnish stronger parts. And as a result of this 
recent expedient necessity, results indicate that with better facilities for 
duplicative manufacture of component sections, arc welded housings as here 
used could be competitive with these rather intricate castings. 

Conclusion—Only one conclusion is possible. It is imperative that a 
greater use be made of arc wielded machine parts and structures. 

The undeniable economics of materials incident to manufacture and 
construction, the great savings in man hours; man hours vitally necessary to 
our production efforts, the facility of production, the utility and durability 
of the finished product; all these are now our goal. 

And under the tempo of present conditions, where there is a sense of 
urgency, of purposefulness, of intense effort and determination to get things 
finished ahead of schedule, all of these vitally important elements are swiftly 
advanced and realized, whenever and wherever arc w T elded construction is ad¬ 
vocated and applied. 



Chapter IV—Machine for Production of Domed Silo Roofs 

By Walter Rutten, 

Partner and Factory Superintendent, Railoc Company, Plainfield, Illinois 


Subject Matter: Silo roofs built of plates with slip joints. This 
eliminates to a large extent bolted joints; roof sheet sections are 
shaped to resemble “orange-peels/’ The machine consists of 
forming heads on a swivel base so that the heads will move back 
and forth, swing to right and left and follow any desired radius. 
Extensive use is made of guide bars, rolls and tacks. Sheets 
come out of main machine cut to shape but flat, are then given 
desired curvature, ribs and interlocking joints. Over a period of 
18 months, more than 110,000 sheets, were formed for over 
3,700 roofs. Arc welding used for joining bars, flats and parts. 

Walter Rutten 

The entering of this subject matter in the James F. Lincoln Arc Welding 
Foundation Progress Program, clearly illustrates how an idea has been 
developed into a practical and profitable machine "'via the arc welding route." 

To start out describing this subject, I wish to make it clear that I am 
no engineer, no trained mechanic, no draftsman and no high school graduate, 
therefore, my explanations and descriptions will be in plain everyday 
language. 

"l am 31 years old, raised on a farm, worked in a silo factory, making and 
building silos for eight years. During 1937, my father and I designed 
and worked out a metal dome silo roof. This was something new and 
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different from any silo roof ever before made, therefore, special equipment 
was required all of which we designed and had made to order. Finally, we 
started manufacturing metal dome silo roofs on a commercial scale. After 
considerable experience with this type, we discovered where substantial 
improvements could be made which is only natural from most any new 
item. During 1939 we conceived the idea of a slip-joint dome roof by which 
we could eliminate nearly all the bolts heretofore used as also greatly reduce 
the overall production cost. 

Our next problem was to get equipment with which to make and form 
this new slip-joint type roof. The machine finally designed and made, (See 
Fig. 1), is the subject matter of this writing. 



Fig. 2. The dome silo roof. 


This new or improved dome roof is shown in Fig. 2. In Fig. 3 are shown 
a cross-section of a formed roof sheet, (at top), two roof sheet sections 
assembled, (at center), and a drive lug (finishing lug) set in the joint 
between two roof sheets, (at bottom). After the roof has been erected and 
properly adjusted, those drive lugs are placed and driven in the joints between 
all sheets which ties all sheets rigid. 

It will be understood that the sheets for a dome roof must be cut and 
formed on a radius, sometimes called, “orange-peel” shape, (See Fig. 4). 

Forming sheets on a radius is entirely different and requires different 
equipment from that of forming straight sheets. I made up small samples 
formed by hand to show the forming required, presented such samples to 
those I enquired of to get a machine made. One representative from a 
company which does a lot of metal forming and which maintains an engi¬ 
neering and machine designing department, took some samples along. Their 
engineers gave the matter their careful consideration and finally decided 
that it could not be done. They in turn passed the samples on to one of 
the largest roll forming machine manufacturers in the United States. 

Their engineers, after going over the proposition also concluded that it 
could not be done. Others we contacted gave us the same replies, namely, 
that light metal cannot be formed against itself on a radius. 
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Fag. 3. Cross section of formed roof sheet, (top), 2 roof sheet sections assembled, (center), 
and drive lug sheet in joint between 2 roof sheets, (bottom). 

For a while I gave the matter a lot of thought and study and formed 
several imaginary models and designs in my mind and finally decided to 
try to make a machine myself. I told my father that if he would consent 
to buying the parts needed, including a lathe and an arc welder, I would 
make a machine myself. 

Father replied to me saying, “Son, you are too young and inexperienced 
to tackle anything like that w T hich many trained engineers say is impossible.” 

My reply was, “Dad, the idea of this new roof looks so good, it has to 
be worked out some way.” 

Dad said, “O. K. if you are so determined, go ahead. It will, at least, give 
you a lot of valuable experience!” 

I made up a list and ordered a lot of parts, gears, sprockets, drive chain, 
rounds, squares, flats, channels, angles, etc., including a lathe and arc 
welder. First to arrive were the lathe and arc welder, neither of which I 
ever operated before. I started practicing on those mostly after working 
hours, took a few welding lessons, read up on operating a lathe and after 
considerable practice on odd pieces, I felt capable of trying on the machine. 

For a little over a year, I spent most of my idle time, evenings and some 
Sundays, thinking, studying and working on the machine. The work, 
although tedious at times, was always interesting and very educational. In 
June of 1940, the machine was ready and working. 

I will now explain to the best of my ability how the various parts were 
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made and why I was so determined that a machine could be made to do 
this special forming. All forming machines on which we could find literature 
showed the forming heads rigidly mounted in a straight line. On those types 
of machines it would be impossible to form metal on a radius. 

I conceived the idea of mounting the forming heads in a floating position 
on a swivel base so that the heads would move back and forth, also swing 
to right or left following any desired radius. This was done by guiding the 
heads by means of templets in the form of tracks (which will be called 
tracks hereafter). The tracks being shaped to the exact radius and spaced 
to the exact width allow forming the resultant or finished sheets, (See Fig. 5), 
No.’s 72 and 74, (at top), also 73 and 75, (at bottom). 

The tracks are mounted on a movable feed table slightly raised above 
the table. The feed table while traveling forward goes under the heads 
while the tracks being slightly raised pass through head'guiding rolls which 










Fig. 5. Tracks mounted on movable feed table. 


are mounted on the base of the heads, (See No. 138, Fig. 6). The heads 
are mounted on a swivel base, held in a swiveling position by a bolt shown 
as No P >a in Fi* 7 . 6. The heads, while moving forward and back, are held 
in alignment "by a guiding bar No 122, Fig 6, which guides from the base, 
other overhead guiding bars are shown at No. s 102 and 148 ini Fig. 7. 

/>s the feeding table travels forward, the tracks being attached thereto, 
likewise travel forward. In doing so, all forming heads move back or 
forward or turn on their base according to the width, shape or radius Oi the 
tracks, thus, trimming and forming the sheets to that same width, shape 
or radius. One set cf tracks is required for each different size roof, each set 
having the proper spacing and radius for its size roof. 10 change fxom 
making one size roofto another, we simply change tracks 

A. section of straight tracks is mounted stationary on the forepart ot the 
table (No. 96, Fig. 8). This straight portion of track always brings all 
forming heads back in straight starting position when feeding table is 

returned to starting point. . 

All sheets are previously blanked to proper size diagonally, (bee top, 
Fig. 4). Those sheets are fed into the first set of forming rolls, (See No. 10, 
Fig. 9), where the first or center rib is formed on the sheets. Those first 
forming rolls deposit the sheets on an islanddike table, (No. 90, Fig.^5, top), 
where the sheet is held in position and fed on into the main forming rolls 
by feed rolls, (No. 442, center in Fig. 5). 

The island is a second table built on top and slightly higher on mam 
feeding table. The purpose is to raise the sheet up and in direct line with 
the center of the forming rolls, (No. 90 in Fig. 5). 

As the table moves forward the sheet feeds into the trimming and form" 
ing rolls. The first forming heads on each side are equipped with slitting 
knives. As the sheet moves forward with the table and tracks, the tracks 
move the slitting and forming heads outward in conformity with the width 
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and radius of the tracks, thus trimming and forming the sheet to the exact 
width and radius of the tracks. 

All heads are so mounted and lined up with the tracks that they are 
always all in proper alignment to trim and form without undue friction. 
The completely formed sheet comes out of the main machine flat and from 
here the sheet passes on into and through the final* curving heads and rolls 
shown in Fig. 10 ; also in photo, Fig. 1. Those curving rolls are adjustable 
so as to form to any desired curvature and are mounted in a floating position, 
guided in or out by the two outside seams of the sheet passing through. 
After a sheet has passed through, springs draw the heads back into starting 
position. 

The blank sheets as shown in Fig. 4, make one pass through the machine 
and come out completely trimmed, formed and curved to any predetermined 
site, width, radius and curvature. 

The machine has a normal capacity of six sheets per minute, or one 
complete average site roof in six minutes. Sheets for over 3700 roofs were 
formed on this machine in 18 months, or a total of over 110,000 sheets. 

Shortly after the machine was in operation, every one of the firms who 
formerly said it could not be done, sent one and in some cases, two of their 
engineers to $ee the machine in operation. All commented on the fine 
forming job being done, all admitted that the floating forming heads guided 
by moving tracks were the secret of the machine. 

Now regarding the cost and saving in making this machine by arc 
welding instead of the usual pattern method, I can say that one company’s 
representative said, after inspecting the machine and seeing it in operation, 
“If we were to make a machine like it, we would demand a $10,000 cashum 
advance payment before we would even start.” 

The complication or scope of the machine is clearly evidenced in the 
description and illustration herewith, and the fact that the patent attorneys 
used 62 pages of descriptive matter in the patent application. 



Fig. 6. Details of forming heads. 








Fig-. 8. Section of straight tracks. 
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During the process of making the machine and trying it step by step, 
several changes had to be made, mostly in the form of offsets and extension 
arms on the heads for mounting special forming rolls and plows, (booster 
rolls and. guides) all. of which, by the use of the arc welder, was done 
comparatively easily, inexpensively and conveniently because in case an offset 
or arm happened to be set at a wrong angle, it was easily removed and 
rewelded in a few minutes’ time, while if all that had to been done by 
patterns and castings, the cost of the patterns and castings alone would have 
been prohibitive especially on a more or less experimental job. 

It may be well for comparison to mention a few of the welded items 
to show the simplicity in making up some of the parts in question by the 
arc welding method as against patterns and castings. For instance, in ma kin g 
the drive sleeves to fit over a square drive shaft, I took four pieces of cold 
rolled flats, clamped them on a piece of square bar, welded the corners 
along the sides, then turned them around on the lathe. The result was 
strong, uniform, perfect-fitting sleeves. 

The forming heads, for instance, had to be compact and strong. I clamped 
pieces of cold rolled flats together, and welded the sides and ground them 
smooth. The result was compact, uniform strong heads with a minimum 
amount of work, a little grinding but no milling, no patterns nor castings. 
Similar methods were followed with the universal joints. In fact, the entire 
machine from start to finish was made by welding the various parts together. 

While I cannot give an accurate cost figure, I do know that the saving 
by making the machine via the arc welding route as against the pattern 
and casting method was a good large amount. 

In addition to the saving in making the machine, there is also a very 
substantial saving in production cost in the product made on the machine 



Fig. 9. Sheet passing into first set of forming rolls. 















Fig. 11. Six forming rolls mounted on single heading. 
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as will be noted by the following figures. These figures are based on a 14" 
foot size roof which is a fair average size, and represents the saving between 
the cost of the roofs we formerly made and the new slip"joint roofs made 
on this new machine. 


Saving in galvanised sheets 90 lbs. at .04$ per lb..._.$ 3.60 

Manufacturing labor 5 man hours at .60$.... 3.00 

Crating lumber 60 ft. at $35.00 per M ft... 2.10 

300 bolts at .50$ per 100.... 1.50 

Outgoing freight on 110 lbs. (difference in weight) at an average 

rate of .70$ per 100 lbs...........77 

Erecting labor 12 man hours at .40$ per hour. 4.80 


$15.77 

This makes a total saving on each roof of $15.77, or on 3700 roofs, a sav" 
ing of $58,349 most of which has been passed on to customers in reduced 
selling prices. Then, too, the result is an absolutely watertight roof 
of great structural strength, very attractive in appearance with increased 
filling or storage capacity, all of which was made possible through use of the 
arc welder. 



Fig. 12. From main forming rolls sheet passes into final curving rolls. 
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Fig. 13. The curving rolls, (top), and the drive hook-up, drive shafts, sprockets, drive 
chains, etc., (center and botiom). 


Here follows to the best of my ability the procedures taken in the making 
of the machine. Realising from the start that many forming heads and rolls 
were required, I laid out a frame 42 feet long overall, and designed and 
mounted the forming heads in pairs, each pair on a swivel base plate. 
One head of each pair is connected to a drive shaft, the pair being geared 
together with a drive chain, each pair of forming heads thus working 
as a unit, (See Figs. 6 and S). Fig. 6 shows a top cross section view of a 
pair of forming heads. 

The universal joints were all made by welding the various pieces together. 

All drive sleeves to fit over square shafts were likewise made by welding 
several pieces together. 

The forming heads are all made by welding several pieces of steel plates 
and flats together. The several pieces were set together and welded into 
heads. It was necessary to weld several extensions and offsets for mounting 
special rolls, guides and plow T s at various angles and positions, (See Fig. 11), 
where six forming rolls are shown mounted on one single head. 

In proceeding to make the machine, I mounted the first two pairs of heads, 
one on each side, made the slitting knives and first-forming rolls and tried 
this first operation, changing the rolls until they functioned properly. I then 
proceeded with the next two pairs of heads in like manner and so on, one 
pair after the other, alwmys trying those previously mounted. 

As the sheet passed through the first three sets of rolls and was taking 
on shape, the succeeding rolls became more difficult. In several instances, 
rolls had to be rebuilt, wielded up and turned to different size and shape, also 
adding special rolls, shoes and plows at different angles. 

I will now describe briefly the general operation of the various parts 
by again referring to figures, and photos. 
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Fig. 14. End view of island on feeding table, (top), and side table return lever, (bottom). 


Fig. 4, (top), shows sheet cut diagonally ready to go into the machine. 
The sheets are fed narrow end first into the machine at top. Fig. 9. These 
first rolls form the center rib on the sheet, (See second from top. Fig. 4). As 
the sheet passes through these first rolls, it is deposited on an island-like 
table, (See top, Fig. 5), where the hold-down and feeding rolls (No. 442) 
feed the sheet on into the main forming machine heads, where the sheet 
passes through 22 forming heads, (See No. 98, Fig. 8). 

From the main forming rolls, the sheet passes on into the final curving 
rolls, (See top. Fig. 12, also top, Fig. 13). These rolls are adjustable so as 
to curve the sheets to any desired curvature. 

An end view of the island on the feeding table is shown at top. Fig. 14 
with a sheet. No. 10, placed in position under the hold-down and feeding 
roll No. 442. The island is sufficiently raised above the main table so 
that the sheet is in direct alignment with center of the slitting and forming 
rolls. 

Feed table return lever is shown at No. 346, bottom, Fig. 14. The clutch 
for same is shown at No. 300. 

The motor power mounting is shown at bottom. Fig. 15. 

Fig. 13, center and bottom, shows the driving hook-up, drive shafts, 
sprockets, drive chains, etc. Fig. 13, top, shows a side view of the main 
frame. 
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The mac hin e as herein described and illustrated refers to the cutting 
and forming of dome roof sectors. However, the machine is not limited to 
that one particular job. It is adaptable to many other uses such as cutting, 
sawing and/or forming different materials in or to a wide.variety of different 
shapes and sises as for instance, covering sectors for dirigibles, airplanes or 
the like, or the forming of tubing, straight or tapered. It can likewise saw 
or permit mounting other cutting tools for sawing, cutting or slitting leather, 
paper, wall board, lumber or the like, also cutting or sawing them to most 
any reasonable size or shape. A heavienbuilt machine could be used for 
cutting plates for balbshaped tanks or the like. 



Chapter V—Speedy Connector for Welding Cable 
By W. G. Donaldson, 

Foreman of Electrical Department, Standard Oil Co. of Indiana, Sugar Cree\, Missouri 



Subject Matter: Connector requires clean* tight, metabtO'metal, 
surface contact which is free from oxide. Copper oxide is hard 
to clean off, especially if it is an accumulation of some time. A 
cable connector design which uses fiat contact surfaces facilitates 
easy cleaning. It is stated that it should be cleaned and the 
tightness adjusted every month. Over 100 of these connectors 
have been put in service without troubles. They are of arc 
welded construction and the simple design indicates low cost. 


W. G. Donaldson 


I would like to start by telling why I designed and constructed such a 
connector as I am describing. I am sure it will help me set out certain points 
clearer as I had reason for designing such a connector and knew exactly what 
improvements, over other such connectors I wanted before I decided how such 
a connector could be constructed. 

For more than twenty years I have been servicing electric welding 
machines. From the first they interested me a little more than any other 
type of electrical equipment which was my job to keep in condition. The 
neat way two pieces of metal could be put together fascinated me, enough so 
that I learned to weld and was interested in the strength of the weld. I soon 
learned that two welds looking very much the same could be “poles apart", 
one good, the other bad. It came to my observation many times , that a 
man whom I knew to be an excellent welder, (one who knew how to set 
his machine, knew his metal and was good at holding the arc) would some' 
times make a bad weld on an important job where I knew he had tried his best 
to make a good one. 

In such cases, the welding machine seemed to be working perfectly, but 
on inquiring of the welder as to how the machine had acted, I invariably got 
an answer something like this, “Well, pretty good, but I didn’t seem to be 
able to get her set just right." 

I did a lot of experimenting, but to cut this short, I learned that one little 
thing neglected, can cause a welding machine, otherwise in AT condition, to 
spoil an important job. 

Concentrating on this caused me to watch every case of trouble closely. I 
found that on welding machines which were well cared for, most all such 
trouble came from a thing so simple it was overlooked. It was this. All con- 
nections are supposed to be metal to metal. Where not soldered, the metals 
were cleaned and bolted tightly together, then passed as OK. No doubt they 
were good connections then, but unless the connection was tinned and sweated 
or sealed, copper oxide or copper sulphide will spoil it sooner or later according 
to surrounding atmospheric conditions. Copper sulphide is not so bad because 
it shows up in a way which attracts attention and is cleaned, but copper oxide 
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to at 

ov*r 

conn ce tin % hn k~ 

Detail °fL CoNf^EcruiG Link 

Fig. 1. Development and detail of connecting link. 

does not attract attention and on inspection an oxidised joint is apt to be felt 
for tightness and passed. 

My experience along this line convinced me it was nothing short of fooh 
ishness to allow so small a thing the chance to weaken an important job. 
Every connection on every welding machine should be tinned and sweated 
or cleaned regularly. This was a small item in maintenance until it came to 
the cable connections. Here all sorts of connectors are used. Terminal lugs 
bolted together plus all kinds of portable or quick connectors. All of 
these were a problem. All manufacturers of quick connectors seemed to go 
on the theory that their connectors were self cleaning. This might be so 
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provided the connectors were taken apart and put together at regular short 
intervals, which is seldom if ever the case. 

Sometimes these connectors are in service at one place for long intervals 
or apart and out of service for some time. At such times a coating of copper 
oxide will build up and give a piece of emery-cloth quite a tussle. After a 
time the oxide coating gets so heavy that the connector is hard to put together. 
When it gets this bad a welder will seldom go to the trouble to clean it and 
put it all the way together. Instead he will stab it part way together and let it 
go at that. Most of these connectors if put all the way together can be 
turned and locked. When they are not put all the way together the loc kin g 
device is out, if, for instance, a connector is only part way together, not 
locked, and at the same time in service pulling around 250 am peres. If, at 
such time, someone happens to stumble on the cable and pull the connector 
apart under load, the arc drawn will likely call for a connector repair which 
will render the whole welding unit useless for a time. 

A natural thought is: why can’t these connectors be cleaned? Practically 
all of them are of the cylindrical male and female type one way or another, 
with contours and recesses which are almost impossible to clean. If one takes 
enough time to clean one of them thoroughly he is soon apt to find that he 
has a loose connector. 

Another thing against them is they cost too much. Every cable connection 
between the welding machine and the electrode holder should be a quick 
connector. They speed up the work and make a stock of welding cable more 
flexible. It isn’t hard to show anyone that they will more than pay for them¬ 
selves in time saved. Most anyone will agree that it would pay to have all 
cable connectors the quick type, but try to sell him one for every place. Gen¬ 
erally, he will buy only a small part of what he agrees he should have. The 
outlay in dollars and cents is too great. 

Knowing all I have said to be true, many years back I started wondering 
if a more serviceable connector couldn’t be made. Some of them on the market 
were so perfectly made and pretty to look at (and cost enough to be that way) 
that it looked like all the best ideas had been used up. But they all had the 
same faults and I never was able to get it completely off my mind. As I said 
before I knew what I wanted in the way of improvements. I wanted a con¬ 
nector which could be cleaned perfectly in a “jiffy”. One in which the 
metal lost by cleaning could be compensated for by a reset. I knew you 
couldn’t keep the oxides from forming on open metal and that the only way 
to beat them was to have it so they could be cleaned off easily. I knew that 
to have such a connector all contacts would have to be flat as any curvatures 
would be hard to clean, especially on the inner walls. I wanted an either end 
job so you couldn’t get your cable laid out, wrong end to. And I wanted a 
connector which could be made at small cost, so that anyone needing cable 
connectors wouldn’t be scared off by the price. 

It was years before my mind happened to “click” along the right line 
but one day back in the middle of 1940 an idea came to me. I stopped right 
where I was, cut out two pieces of paper exactly alike with my pocketkmfe, 
folded each piece of paper the same way and put them together. I felt cer¬ 
tain I had found the connecting construction I had been looking for. The 
farther I went with it the better it looked to me and it is this type connecting 
construction plus another piece and an electric weld which helped me out. 

The nearest I had to the metal I wanted for constructing this connector 
was 14-gauge flat copper. I made my connecting links from this metal. After 
I had the connecting links made, a way of attaching them to the welding 
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cable was my problem. The way I finally found to do this was to electric 
weld a center-drawn soldering lug to the end of each of the flat connecting 
links. To do this welding job I used phosphor bronze shielded arc electrodes. 
Our welders had some trouble with this rod as it was new to all of them but 
now they handle it OK. 

The first connector I made of this type didn’t look like much. We spoiled 
several until the welder got the knack of setting his machine, holding proper 
arc, etc. The first good one we got probably cost (as near as I can recall) 
between seven and ten dollars in time and material. 

I am rigged up at present to make this connector, metal parts only, at a 
cost of not over 66-cents, as follows: 


2-center drawn soldering lugs.—--not over .31 

lpc—X 2V 2 " X 14 gauge fiat copper.....07 

Tin Shop time.....13 

Welding Shop time...... .15 


Total cost....?.66 

I have given the quantity production considerable thought. While I 
may be off a little in my calculations, I will be on the long and not the 
short side. 

The machine equipment needed which would consist of: 1-Punch-press, 
with fuller and cut-off attachments; 1-Folding machine; 1-Small Elec. Emery 
and Wire, Grinding and Buffing wheels: 1-Gap Gauge Set, made similar to 
Blacksmith’s Vise which is foot operated: 1 -Holding Jig; 1-300-ampere arc 
welder. 

Also a stock of material as follows: 

A quantity of flat metal, proper gauge, proper consistency. A quantity of 
copper pipe 54-inch outside diameter X Xi'inch. inside diameter. 

Nov/ take Fig. 1. The drawings are actual sffie except in thickness. The 
; thickness shown on drawing is what I figure to use later on for reason given 
later in this paper. 

At Number 1 of Fig. 1 is shown the exact size and shape of a piece of flat 
metal. Two strokes of a punch-press makes two such pieces and the time 
consumed will not be over 10-seconds. Now take these two pieces and turn 
to the wire buffing wheel. Buff all edge comers slightly rounding. Time con¬ 
sumed is not over 20-seconds. Now take these two pieces to the folding 
machine. Insert smaller end of the square-like pieces one at a time in the 
holding slot of the folding machine and operate machine twice. This opera¬ 
tion makes the pieces as shown at Numbers 2 and 4 of Fig. 1. It does a per¬ 
fect job and the time spent on both pieces will not exceed 15-seconds. Now 
take these^two pieces to the foot-operated set. Slip the gap, shown at Num¬ 
ber 2 or rig. 1, over the tongue-like gauge in center of jaws of set and step 
on actuating lever. This make the setting perfect as the backspring of the 
metal is allowed for, and the time spent in this operation will not be over 
10-seconas. You now have one pair of connecting links complete. 

Now take a piece of copper pipe and cut off a piece 3-inches long. Place 
one end or the 3-inch piece of pipe in the holding gauge to one side of the 
fuller tool of the punch-press. (This holding gauge holds the piece of pipe 
on center between fuller jaws). Operate punch-press. This makes two center 
drawn soldering lugs in one piece. Now place one end of the 3-inch piece in 
the holding gauge to one side of the cutting tool of punch-press. (This hold¬ 
ing gauge holds the flat made by the fuller tool at proper angle and on center 
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Top V/ew_ ~ Connectu^ Ljpks 
Asssm&ly 





Fig. 2. Top and sid© views of connecting link. 

between cutting jaws). Now operate punch'press. The cutting jaws barely 
miss coming together which keeps them from damaging each other. Although 
the 3"inch piece will not be cut cleanly in half it can be broken in halves 
easily with the hands. The cut on each side is V-shaped which leaves a 
beveled edge on both sides ideal for welding. The operations for making 
these two soldering lugs complete will not take over 1J/ 2 " minutes. 

Now take one soldering lug and one connecting link and place them in a 
holding device made to hold both pieces separately in the position shown at 
Number 4 on Fig. 1. With the electric welding machine, run a bead along 
the dotted angle, using the shielded bronze electrode. Turn the piece over 
and run the same kind of bead along the angle on the other side. Now take 
it to the emery and buffing wheels for smoothing up the beads. Now take the 
other soldering lug and the other connecting link and do the same to them. 
This welding and buffing operation should not take over 3yyminutes, which 
makes a total of about 6"minutes of time spent on one connector. 


6"minutes time @ $1.50 per hour.. ....-.~~$ -15 

Material will cost—not over___---- .14 


$ .29 

At this time I would like to explain the insulating sleeve used with this 
connector and its cost. 

Up to now I have made this sleeve with two pieces of rubber hose, in the 
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following manner. I took one piece of hose 1 ^-inches outside diameter x 
1-inch inside diameter x 6j/s-inches long, another piece 1-inch outside diame¬ 
ter x 54-inch inside diameter x 2%6'hiches long. With rubber cement, I ce¬ 
mented the 2 Vi6 'inch piece inside the 6j4-inch piece, leaving them flush at 
one end, (See Number 6 on Fig. 2). The inner piece of hose allows the in¬ 
sulating sleeve to go only so far up on the connector and it cannot lose off 
when the connector is apart. It insulates as well as locks the connector in 
working position. The print only shows one sleeve but there are two at each 
connector, one at each end of each cable length. When the connector is in 
working position only one sleeve is used, but when it is apart and out of 
service an insulating sleeve is pulled down over each half of the connector to 
protect it in transit. More cable connectors are damaged when apart, being 
moved around, than when together and working. The cost of each insulating 
sleeve is a fraction less than $0.25 making the cost of them to each connector 
amount to $0.50. Later I figure to have these molded from synthetic rubber 
already commonly in use in gasoline filling station hoses. This material will 
do the job better all the way round as it withstands oils better and is slightly 
stiffen I have reason to believe it wall cost less than pure rubber but cannot 
say exactly what the cost will be. 

The way I construct this connector at present it costs $.50 for the in¬ 
sulating sleeves and $.66 for the metal parts, or a total of $1.16. 

Its closest competitor sells for $2.80 each, a difference of $1.64 each. We 
have at least 150 of my type in service in the plant now and have not used 
any other kind for several months. Using these figures we have saved $246 
on purchase price. But that isn’t the case because we wouldn’t have bought 
that many of the other type. The real saving comes with the fact that we 
now have a quick connector in every place and the time they save amounts 
to far more than the difference in price of connectors. The purchase price 
however is very important as it will have a lot to do with the number of 
quick connectors used. I feel certain that my connector can be made on 
quantity production for considerable less than I have tried to picture. I know 
it will last longer and give better service than any other type which I have ever 
seen. 

I haven’t any way of knowing how many such connectors are used over 
the country but I’m sure in my own mind that if I can get this connector 
perfected and on quantity production there will be more such connectors 
used than were ever used before. 

Of the 150 connectors we have in service I have not had one trouble 
call on any of them and I know how that compares with what we used to have 
on the other types. 

I aim to have them cleaned and reset every month. This service takes about 
two minutes to each connector and leaves it perfectly clean and perfectly reset. 
This service cannot be rendered to any of the other types. I have constructed 
a double fiat spring arrangement which takes a piece of emery cloth for 
cleaning the gap and shank. A set made in parallel plier fashion, with a 
tongue which is the gap gauge, resets the gap with one squeeze of the handles. 

Although the ones we have in service are performing better than any we 
have ever used, still for the sake of ruggedness I figure to make the connecting 
links two gauges heavier and add enough zinc to the copper to bring the 
proper stiffness. 

I have applied for a patent on this connector, on my own. I first gave it 
to the company for which I work but it being out of their line from a manu¬ 
facturing standpoint, they released it back to me at my request. 



Chapter VI—Large V7ater Turbine Installations 

By Herbert Stone, 

Assistant Wor\s Manager , M ar\ham and Co. Ltd., Chesterfield, England 



Subject Matter: Two water turbines of 30,000 horsepower each, 
were made in 1936 in which the principal non-moving parts 
were of either cast steel or riveted steel plate construction. Two 
additional units were built in 1942 which were identical with 
the others, except that all the large steel castings and all the 
riveted work have been abolished in favor of welded methods. 
The saving in cost was 16 per cent. The saving in weight was 20 
per cent or 12'tons of steel for each of the turbines described. An 
important advantage of welding was the marked saving in time of 
manufacture. It is expected that the smoother surfaces will give 
higher efficiency of the turbine. 


Herbert Stone 


This paper concerns the progress made in the application of arc welding 
to the design and manufacture of large water turbine installations used for 
the generation of electric power. In it the writer is able to compare the 
methods used in the construction of two examples. The first of these being 
two turbines delivered in 1936 in which the principal non-moving parts 
were of either cast steel or riveted steel plate construction: and the second, 
two additional units for the same destination now being completed, which 
are identical in every respect, except that all the large steel castings and all 
the riveted work have been abolished in favor of welded methods of manu¬ 
facture. 




Fig, 1. The 1936 unlis. 
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Fig. 2. Details of welded body and throttled valve, 1942 units. 


Throughout this paper the two earlier turbines are described as the 
1936 Units, (See Fig. 1), and the present redesigned turbines are identified 
as the 1942 Units. 

All four turbines were ordered by one of the Dominion Governments 
from Messrs. Boving 5? Co. Ltd., Hydraulic Engineers, of London, and were 
manufactured to their designs by Messrs. Markham & Co. Ltd. of Chester¬ 
field, the two firms having collaborated in this class of work for many years. 
The order for the second pair of turbines was placed in 1939, and the 
majority of the drawings of the redesigned portions were completed in the 
closing months of that year. 

The outbreak of war shortly after this repeat order was placed, gravely 
affected progress, and as direct war requirements had to be given priority, 
work on the portions to be described was not put in hand until 1941, by 
which time completion of the plant had become a matter of urgency. 

General Details Which Apply to All Units—The turbines described 
are of the vertical-shaft Francis reaction type, of conventional design, and 
develop 30,000 brake horsepower at a speed of 214 revolutions per minute 
under a head of 167 feet, and are directly coupled to A.C. generators of 
24,000 kilovolt-amperes. As is usual in this type of machine, the turbine cas¬ 
ings are built into the concrete of the foundation. 
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Each complete turbine consists of: 

(a) . Main Throttle Valve of butterfly type. 

(b) , Adjustable Joint with Taper Pipe between the penstock and 

the valve. 

(c) , Spiral Casing. Diameter at inlet 11 ft. 

(d) , Stay Ring. 

(e) , Covers and gate apparatus. 

(f) , Runner and main shaft. 

(g) , Relief Valve and its discharge tube. 

(h) , Governor and auxiliary gear. 

The principal items which were redesigned for welding are (a) (b) (c) 
(d) and (g), but this paper is confined mainly to parts (a) and (d), since 
with both of these, designers and manufacturers were breaking fresh 
ground. 

The writer, by reason of his employment with Messrs. Markham tk? Co., 
has had general supervision of the work described, and is responsible for 
the development and application of welding to the company’s products 
generally. 

Comparison of Methods of Construction in Original and Redesigned 
Units. 


Item 1936 Units 1942 Units 


Throttle Valve Bodies......... 

.Steel Castings 

Composite construction 
Steel castings and M.S. 
plates, welded 

Stay Rings...-. 

.Steel Castings 

M.S. plates and slabs 
welded 

Spiral Casings . 

.M.S. plates 

M.S. plates 

Riveted.(1) 

Welded.(2) 

Taper Pipes. 

.M.S. plates 

M.S. plates 

Riveted.( 1) 

Welded.(2) 

Relief Valve Discharge Tubes. 

.M.S. plates 

M.S. plates 


Riveted.(1) 

Welded.(2) 

Air Vessels and Governor Oil Tanks. 

.M.S. plates 

M.S. plates 


Riveted 

Welded 


(1) Bolted at works, dismantled for shipment and riveted at site. 

(2) Tackwelded at works, dismantled for shipment and finally welded at site. 

Summarising the above, the 1936 Units incorporated no welded work, 
but in the 1942 Units no rivets were used and the steel castings are reduced 
to 30 per cent of the weight used in the earlier design, and as explained later, 
this figure would, but for wartime conditions, have been reduced to 10 per 
cent. 

Reasons for Changes in Design and Construction—Whilst the 1936 
turbines have proved perfectly satisfactory in service, and on grounds of 
efficiency and reliability there was no necessity to make any changes in 
design, much progress has been made in the intervening period by the manu¬ 
facturers in the application of electric arc welding, particularly in the 
substitution of welded fabrications for steel castings. They have proved, 
over a period of years, that they can save time, material, and consequently 
money, by the judicious substitution of fabrications for a large majority 
of the items they have been accustomed in the past to purchase from steel 
foundries. Welded parts for water turbines have proved particularly success¬ 
ful, both during manufacture and afterwards in service. In this instance, 
resulting from experience previously gained, the manufacturers were able 
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to offer prices which made the revised designs more attractive than the 
originals. 

Progress in Design and Manufacture—That considerable progress in 
the application of arc welding has been made is clear from the comparisons 
drawn at the beginning of the section between the 1936 and 1942 Units. 

This progress shown by each portion of the turbines affected is analysed 
below: 

(1) Throttle Valve Bodies—Experience gained in the intervening years 
with welded valve bodies of diameters up to 5-feet, encouraged the designers 
to make the change in this case. These are the largest fabricated valve 
bodies on which the two firms have collaborated, bodies of this si^e having 
always previously been made in cast steel. 

(2) Stay Rings—The stay rings for these turbines are the first fabricated 
rings which either firm has handled, steel castings always being used 
previously. 

(3) Spiral Casings—Welded spiral casings of smaller dimensions manu¬ 
factured recently having proved particularly successful, the designers had 
no qualms about redesigning the present examples. These are the largest 
welded casings either firm has handled, all previous casings of these dimen¬ 
sions having been riveted. 

The designs , methods of construction, wielding procedure, and compari¬ 
sons of cost and weight for the principal parts affected are discussed in 
detail below-. 


Principal Dimensions, and Comparison between Cast Steel and Fabri¬ 
cated Designs—It must be understood that the throttle valves described 
are in no way separate items, but are integral parts of the turbine units, and 
are so designed that they may be operated automatically under certain 
conditions. 

The throttle valves are of the butterfly type and the principal overall 
dimensions of both cast steel and fabricated designs are identical. Both bodies 
are in halves, being split through the vertical center line. 

The following is a comparison of dimensions: 


Diameter of Bore. 

Depth of Body. 

Thickness Main Flange 
Thickness Joint Flanges 
Thickness of Barrel. 


Stiffening Ribs. 

Circumferential Stiffeners 


Cast Steel 1936 Welded 1942 


n'-o%" li'-o 

3'—4" 3'—4" 

2 ^ 16 " 2 % 6 " 

27w" 2%j" 

2!4" adjacent to 1" 

flanges, tapering to 
V/i" in center 

114" 1" 

9" by 114" 10" by 1" 


By reference to the drawing. Fig. 2, it will be observed that the principal 
difference between the two designs lies in the barrel, which in the cast steel 
version had to be greatly stiffened to avoid casting difficulties which otherwise 
would have been experienced in an abrupt change of section between the 
flanges and the barrel. In addition, in order to ensure sound metal, the rib 
sections generally were heavier than required by purely mechanical con¬ 
siderations. 

Neither of these two considerations need be taken into account in a 
fabricated design, consequently an excellent opportunity is afforded for 
making a reduction in weight without any sacrifice in strength or rigidity. 
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Details of Construction—In considering the best method to adopt for 
constructing the valve bodies, it was decided to make a composite fabrica¬ 
tion, that is, steel plates and steel castings welded together. The barrel, 
stiffeners, and flanges are designed in mild steel plate with the bosses steel 
castings, as these can be cast cheaper than fabricated, and only simple 
patterns are required. 

Because of war conditions it was not possible readily to procure rolled 
flats of the section necessary for the flanges, the rolling mills being fully 
engaged for long periods ahead on the production of standard sections. It 
was decided therefore, to make the four flanges from a solid cast steel ring 
13-feet, 0-inches outside by 10-feet, 10-inches inside diameters and 16-inches 
wide, the flanges being parted off in the lathe and sawn in halves. 

This, as will be seen later, was an expensive alternative, but the only 
one possible under the conditions. 



Fig. 3. Two halves of welded body for 11-foot diameter throttle valve. 1942 units. 


Manufacturing Procedure— The assembly of the half valve bodies was a 
straight-forward operation and calls for little comment. Stays of light joist 
section were welded across the open ends of the barrel plates after these 
had been rolled to the correct radius, in order to prevent alteration of 
dimensions during assembly and wielding. The half flanges and the bosses, 
previously machined to within ^/g-inch of finished sizes, together with ribs 
and stiffeners, were all tack welded into position, and the whole of the 
assembly work completed before any final welding commenced. 

One run with a *4"inch diameter electrode was put down at the back of 
the flanges to stop the tendency of these to distort during the welding of the 
inside groove, %g<inch diameter electrodes being used for the weld between 
the barrel plate and the flanges, and fillet welds were built up with ]/ 4 'inc h 
and % 6 -inch electrodes for the back of the flanges and all stiffeners. Two 
runs were used round the flanges and bosses, and one run elsewhere. 

Comparison of Weights —Throughout this paper weights are given in 
terms of tons of 2000-pounds. 

Weight of 2 cast steel half bodies before machining.-..13.25 tons 

Weight of 2 fabricated half bodies, (See Fig. 3), unmachined.11.5 tons 
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a reduction of 1.75"tons per valve body, or 13 per cent as compared with the 
cast design. 

Stay Rings—Whether manufactured as a steel casting, (See Fig. 4), 
or a fabrication, (See Fig. 5), the stay ring is a complicated and costly item. 
It must be of great strength and rigidity since it is the foundation ring 
around which the whole of the turbine is constructed. 

In the present examples the principal dimensions are common to both 
designs, the inside diameter being 11 "feet, 3 "inches and the outside 14"feet, 
9-inches, with an overall depth of 6"feet, 0"inches. Both rings are made in 
halves. 

Reference to Figs. 6 and 7 will illustrate the general design, Fig. 7 
showing the difference in section between the cast _ steel and fabricated 
designs, and it will be noted that whereas the latter is mainly built up of 
1 54-inch plate, the corresponding sections of the former are launch thick. 

This design is a good illustration of the possibilities of weight reduction 
without sacrifice of strength or rigidity which may be achieved when rede" 
signing for welding. 

Details of Construction —In both designs twelve stays equally pitched, 
connect the upper and lower lips of the ring. These stays, 3^.'inches thick 
in the cast steel design, are reduced to 3"inches thick in the fabricated ring. 
The lip rings are cambered at an angle which varies progressively round the 
circumference to meet the varying diameters of the spiral casing. In the 
fabricated design the stays pass through the lip rings for the full depth of 
5 "feet, 11 "inches, thereby adding to the weight, but serving to anchor the 
ring into the foundations very securely. 1 he circular rings which form the 
flanges to which the gate apparatus covers are bolted are welded to vertical 
rings which are slotted to fit over the tops of the stays, and both rings are 
welded to the stays, and thus it wall be appreciated that the design is a 
particularly strong and rigid one. 

The arrangement shown in Fig. 7 for the welding of these vertical rings 
to the joint flanges should be noted. Grouting holes are provided between 
each stay in the lower lip ring to facilitate concreting at erection, cover 
plates being provided for these holes which will be welded in and ground 
off flush on completion of erection. 

Manufacturing Procedure—The manufacture of these rings presented 
some problems, principally because of the changing cambers of the upper 
and lower lip rings to match the variations in diameter of the spiral casing. 
Reference to Fig. 6 shows that each lip ring was built up in eight segments, 
which are numbered on the drawing 1 to 8 in the lower ring and la to 8a in 
the upper ring. 

The plates forming the rings are Ij/fjrinch thick, and as each pair of 
plates in upper and lower rings are symmetrical they were pressed in pairs 
between vee^shaped blocks in a 150ton hydraulic flanging press. The photo" 
graph, Fig. 8, show's one pair of the blocks with tv^o views of the pressed 
plates. The plate on the right is marked to show the shape of the segments 
as welded into the rings. 

In all, four pairs of these blocks were cast, being moulded in loam from 
skeleton patterns. Three pairs of the blocks were used to produce 28 
segments of upper and lower rings, the fourth pair of blocks being specially 
made for the four plates required to match the casing inlet at the large end of 
the scroll. 

After a pair of blocks had been used to press one pair of segments, the 
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Fig. 4. Cast steel stay ring, IS3S units. 

shape was altered by machining out the female block and affixing plate 
packing pieces to the male block in order to press the next pair of segments, 
and in this manner the cost of the blocks was kept at a reasonable level. 
As a result. Block No. 1 was used for plates 1 and la, 2 and 2a. 3 and 3a, 
in Fig. 6, (12 segments), Block No. 2 for plates 4 and 4a, 5 and 5a, (S seg- 
ments), and Block No. 3 for plates 6 and 6a, 7 and 7a (S segments). 

After all the plates had been pressed they were marked out and gas cut 
to the shape required and bevels for welding were planed at either end. 

The stays were pressed to the correct curvature and the necessary radius 
planed on either edge. The steps at each end were then gas cut and machined. 
This will be noted in the sectional view Fig. 7. 

In the meantime the lip plates were assembled on a level table, clamped 
down, and tack welded together as complete rings, omitting the joint 
flanges. Incidentally the good work done at the hydraulic press was here 
revealed since the amount of adjustment of the plates required to keep the 
contours of the rings correct was negligable. 

The tack welding finished, the slots for the stays wore marked out and 
gas cut, and at the same time the vertical rings carrying the upper and lawyer 
flanges were slotted by gas cutting to fit over the tops of the stays. These, 
along with the radial stiffeners at the back of the lip rings were tack welded 
into position on the lip rings before releasing them from the clamped position. 

In view of the high stress transmitted by each of the stays great import¬ 
ance was attached to ensuring that the stays themselves were an accurate fit in 
the holes cut for them in the lip rings. For this purpose wooden models of 
the stays were made and the holes in the lip rings chipped to fit them. At the 
same time the holes were beveled on both sides for welding. 
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The procedure adopted for the assembly together of the ring and stays, 
was first to level and clamp down the lower lip ring to a table. The stays 
were then inserted into the prepared holes, and these after squaring up and 
checking for pitch were tack welded into the ring. 

The upper lip ring was then lowered into position over the stays and 
straining screws attached at intervals round the. circumference in order that 
the ring could be pulled steadily and without risk of distortion into its 
correct position. Next, the top and bottom main flanges, smithed to shape in 
halves and machined to correct outside diameter, were tack welded into the 
assembly. 

After a final check of dimensions, during which each ring was marked 
out for machining, the welding was started by welding the upper bevel at 
each of the lip ring joints and the downhand welding of the stays at top 
and bottom. 

The ring was then turned over and the welding on the opposite side of 
these joints completed, care being taken that full penetration was obtained at 
each joint by exposing by chipping, the weld metal previously put down. 

On completion of these welds the ring was turned on edge in order 
that the welds on the inside circumference could be completed in a down* 
hand position, the ring being turned as required, and at the same time the 
fillet welds of the external stiffeners were completed. 

The rings were completed by splitting into halves and fitting and weld¬ 
ing the joint flanges. 

Two welders were employed, working diametrically opposite to one 
another in order to ensure even distribution of the heat set up by welding, 
and thus reduce the possibility of distortion, and to check this point the 
principal dimensions were tried over daily during the progress of the weld¬ 
ing, but no distortion was observed at any time. 

Comparison of Weights —Weight of 2 cast steel half stay rings, un¬ 


machined .17.35 tons. 

2 Fabricated half stay rings, unmachined.15.1 tons. 


This gives a reduction in weight of 2.25 tons per stay ring, or 13 per 
cent as compared with the cast design. 

Spiral Casings—The general dimensions of both designs are identical, 
the diameter of the casings at the inlet being 11-feet, %-inches, the maximum 
dimensions overall being 32-feet, 0-inches by 31-feet, 0-inches, and because of 
these sizes both casings v/ere designed to be assembled complete in the shop, 
match marked, and then dismantled for shipment plate small, for final 
riveting or welding at site. 

The plate thicknesses in both designs are alike, commencing at the inlet 
with 11 /l 6 -inch plates, thicknesses being reduced gradually as the scroll 
narrows, to 54-inch, ^A-inch and at the small end. The rivets in the 

1936 casings were 1-inch and 24-inch diameter, countersunk on the inside 
of the casing, with single riveted circumferential, and double riveted longitu¬ 
dinal seams, the connections to the stay ring being triple riveted at the large 
end, and double riveted at the smaller diameters. 

In the 1942 casings, the welded circumferential seams are all single 
beveled, on the outside of the upper part of the casing and on the inside of 
the lower part, this is done to simplify the welding at site, so that the bulk 
of this may be done in the downhand position. 

The amount of staggering of adjacent longitudinal joints in the riveted 
casing will be noted by reference to Fig. 9. This has been reduced to 6- 
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inches in the welded job. In the welded design the connection between the 
casing and the stay ring is butt welded as compared with the riveted lap 
joint of the earlier design. 

In each casing a branch 6-feet in diameter is taken off to the relief 
valve. In the riveted casing this was flanged and double riveted to the casing 
through a stiffening ring. In the welded design the branch is welded 
directly to the stiffening ring, which in turn is welded to the casing at site. 

The 11-feet, O-inches diameter inlet flange is, in each case, of cast steel, 
and provision is made in the casing for a man-hole, bypass branch, and air 
valve and drain branches. 

Riveted Casing —The principal operation imposed by this design and 
calling for comment, is the large amount of hand drilling with pneumatic 
machines which was required during shop assembly. To ensure fair rivet 
holes in the circumferential and longitudinal seams, only the inner plate of 
each lap was marked and drilled in the flat, the outer plate being air drilled 
through this after assembly. The holes for the riveted connection between 
the stay ring and the casing plates were also drilled through both items 
after assembly. All this was a rather lengthy and costly operation. 

Welded Casing —The only changes in shop procedure in the welded 
design are that the air drilling is not required, neither is it necessary to scarf 
one plate edge as in the riveted lap joints. 

Since both specifications call for the casings to be broken down for ship¬ 
ment, this effected a considerable saving in both time and money. 


Comparison of Weights 

Shipping Weight of 2 Riveted Casings 

Weight of plates etc. 49.7 tons 

Weight of rivets. 4.9 

Total... 54.6 tons 54.6 tons 


Estimated Shipping Weight of 2 Welded Casings 

Weight of plates etc. 49.7 tons 

Less plate at lap joints 

(estimated at 5-tons per case). 10.0 


39.7 tons 

Plus allowance for rivet holes not 
required .. 1.7 

Total...-. 41.4 tons 41.4 tons 

Saving in weight....-. 13.2 tons 

The above figures show that the saving in weight achieved by the sub' 
stitution of welded construction for riveted amounts to.24 per cent. 

Relief Valve Discharge Bends —As mentioned in Part 5, the spiral casings 
carry a branch pipe of 6-feet internal diameter to which is connected the 
relief valve, (See Fig. 10). As the name implies, the function of this piece 
of apparatus, which is controlled from the turbine governor, is to prevent a 
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dangerous rise in pressure in the penstock and casing sxiould the load sud¬ 
denly be thrown off the unit. From the bottom of this valve a right angle 
bend pipe constructed of mild steel plate conducts the discharging water to 
the tail race. 

Principal Dimensions and Comparison of Designs The leading dimen¬ 
sions are:— 

Inside diameter 8-feet, 3-inches. Distances from vertical center line to outlet 
flange, and from horizontal center line to inlet flange are both 8-feet, 2-inches. 
The pipes are constructed throughout in lobster-back form from Vr inc h plate 
with angle flanges of 4-inches x 4-inches x J/ 2 -inch section. There is nothing 
about the design which is not familiar to fabricating shops accustomed to the 
manufacture of large diameter pipework. 

The bend pipes supplied with the 1936 turbines were of riveted con¬ 
struction throughout, using %-inch diameter rivets countersunk on the 
inside and single riveted lap joints, and were shipped plate small after 
assembly in the shop. On erection at site and after riveting, the plate edges 
at the lap on the inside of the pipes were fillet welded round in order to 
smooth off the interior surface and to assist in preventing corrosion. 

The pipes for the 1942 Units are of welded construction throughout, 
all the plate joints being butt welded, with the two angle flanges fillet welded 
at either end. These pipes have been completely erected in the shop, and 
will be shipped plate small for final welding at site, and in this case also site 
welding is probably likely to be more satisfactory than site riveting. 



Fig. 5. Welded stay ring, 1942 units. 
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Comparison of Weights 

Shipping Weight of 2 Riveted Pipes 

Weight of Plates etc.. 9.9 tons 

Weight of Rivets. 9 

Total weight .. 10.8 tons 10.8 tons 


Shipping Weight of 2 Welded Pipes 

Weight of Plates etc--- 


7.2 tons 


7.2 tons 


Saving in weight. 


3.6 tons 


The percentage saving in weight realised by the substitution of welded 
construction is...3 3 per cent. 

Taper Inlet Pipes and Adjustable Joints—These parts are situated between 
the lower end of the penstocks and the throttle valves. The diameter at the 
end of the penstock is 12 -feet, 0 -inches, and that at the valve 11 -feet. 54 -inch, 
and this taper pipe connects the two. It is 4-feet, Va-inch long. At the large 
end there is a short adjustable joint and gland, the purpose of this being to 
provide the necessary amount of axial movement to free the valve during 
assembly or overhaul. 

In the 1936 Units, the female portion of the adjustable joint was riveted 
to the end of the penstock, and the made portion riveted to the taper pipe, 
which in turn was entirely of riveted construction. 

In the present units, however, no rivets are used, all connections being 
welded. Here again the parts are shipped to site plate small after erection 
and marking in the shop. 

It is not proposed to quote figures of costs for these items, since they 
possess no special features. They are mentioned to emphasise the complete¬ 
ness of the changes in design and construction throughout the 1942 Units. 

Quality Control—All the welders employed on the work were fully 
experienced and reliable men. It should be recognised however that even 
the best of welders cannot produce good work unless the preparatory work 
is of an equivalent standard. Inspection therefore resolves itself under 
three main headings:— 

(a) Inspection of the assembly before welding is commenced. 

(b) Inspection of the work whilst welding is in progress. 

(c) Inspection of the work after completion of welding. 

Inspection of Assembly—It is no exaggeration to say that the bulk of 
the troubles encountered in welded work may be traced back to faulty 
assembly. Particular importance should be attached to this, and welding, 
apart from the tacking required during the assembly should not be allowed 
to commence until the complete structure has been assembled as far as 
possible, the beveling and fit of the plates inspected, dimensions checked over, 
and the welding sequence studied so as to minimise the effects of contraction. 

Butt Welds—The importance of maintaining sufficient gap between the 
plates to ensure complete penetration should be stressed, at the same time 
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observing that the gap should not be so great that it cannot be bridged with 
the first run. The need for leaving a gap sometimes complicates the work 
of assembly and there is consequently a strong temptation to butt plates 
closely together. 

The difficulty may be overcome by inserting narrow strips of sheet steel 
or plate of the required thickness at intervals between the abutting plates 
during assembly, and these will also prevent the plate edges from being 
drawn together by contraction as the welding proceeds. If it is found that 
these become so tightly gripped between the plates that they cannot be 
withdrawn, they may be cut off short with a chisel and welded over. 

Too much jacking or straining to bring plates into line with one another 
should not be permitted. In large fabrications a certain amount of this may 
be unavoidable, but it should be borne in mind that this practice, if not 
kept strictly within limits, will set up undesirable residual stresses in the 
finished work. 

Fillet Welds—In fillet welds connecting two plates at right angles a close 
butt is often desirable. This is not always easy of attainment, but it should 
nevertheless be insisted upon before welding is allowed to proceed. 

Inspection During Progress of Welding—Even when the operators are 
well known to be skilled at their work this part of the inspection should still 
receive the maximum of attention. 



icr. 6. Plan view of welded stay ring for 30,000 horsepower water turbines, 1342 units. 
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The faults which, may be encountered may be summarised as follows:— 

(1) Excessive undercutting. 

(2) Poor penetration. 

(3) Slag, dirt, or gas inclusions. 

(4) Irregular appearance. 

The first is most frequently to be observed in the vertical member of a 
fillet weld, and in pressure work particularly is a serious fault, since the 
section of the welded parts is reduced locally, leading to a concentration of 
stress, which, if the reduction of area is severe may assume dangerous pro- 
portions. Similarly, in mechanical parts, concentrations of stress at a sharp 
corner provide starting points for fatigue cracks. 

This trouble is usually caused by the use of an unsuitable electrode, or 
by incorrect manipulation, or by the use of too high a current, but there 
are many electrodes obtainable at the present time which are specifically 
intended for fillet welding, and good results are readily obtainable, particu- 
larly in D.C. work, provided the maker's recommendations regarding polarity 
and manipulation are observed. 

The second fault, poor penetration, is caused by the operator not having 
sufficient control over the molten pool, and provided the electrical connec- 
tions are good, is nearly always the result of low current. 

This will be evidenced by “overlap" of the bead, inadequate root fusion, 
and rough finish. The operator's attention should be drawn to the fact that 
his efforts will be greatly simplified, and will give better results, if the 
amperage is raised to the correct value. 

On the other hand too high a current will give a fierce crackling arc, 
the electrode may become red hot, considerable “splatter" of tiny globules of 
metal will be observed round the welded area, and the resulting weld wall 
probably prove to be porous. 

Given an electrode by a reputable manufacturer the third fault, inclu- 
sions of slag, dirt, or gas, is quite inexcusable and can only be caused by in- 
correct manipulation by the operator or by his failure to clean the work before 
commencing welding and between welding runs. 

It is important that the length of the arc should be kept as short as 
possible without the electrode coating being in contact with the molten pool. 
A short arc reduces the possibility of atmospheric contamination, particu¬ 
larly when electrodes of the gas shielded type are not employed, and by loca¬ 
lising the heat it assists penetration and ensures a neat finish to the -work. 

The fourth fault of irregular appearance, refers particularly to fillet welds, 
where it is important that each “leg" of the fillet should be equal. Much 
can be done to ensure this by the use of the correct grade of electrode and 
by positioning the work so that the electrode can always be held in a vertical 
plane. 

The contour of a weld of this type should be slightly convex. If one leg 
is longer than the other the cause may prove either to be incorrect manipu¬ 
lation of the electrode, failure to position the work, or the use of too high 
a current. 

Inspection after Welding—In any visual inspection of the work after 
welding particular attention should be paid to any comers at which the seam 
changes direction. "When pressure work is concerned these are the usual 
places at which to expect porosity, for this may be caused by the welder 
finishing one run in the comer and then completing the seam from the other 
direction, both runs meeting in the same corner. The craters left at the ends 
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Fig. 7. Sections of welded stay ring, 1942 units. 


of the runs usually prove to be porous, and are a familiar source of trouble 
when the completed job is hydraulically tested. 

Where three welds meet at a ‘T’ the forgoing procedure should be 
followed with two of them and the third should start from the joint of the 
“T” and work away from it. 

Similarly, when welding round the ends of ribs of stiffeners, the opera' 
tor should not be allowed to break the arc at the change of direction. 

Testing—The forgoing remarks outline the general principles governing 
the inspection procedure on the parts described in this paper. No special 
tests of the welding itself were required, but as a matter of routine each 
welder is supplied with a steel stamp bearing an identification letter with 
which to mark his work, and each welder is required at intervals to complete 
a “nick-break” test piece. 

Although this test does not present any difficulty to experienced operators 
it is particularly useful in grading newcomers, proving as it does, whether 
or not the operator is capable of laying down a neat run free from inclusions, 
and obtaining adequate penetration and fusion at the root. 

In the case of the Throttle Valve Bodies the quality of the work was 
proved by subjecting the finished bodies to a hydraulic test pressure of 130 
pounds per square inch for SOminutes. Fig. 11 shows such a test in progress 
on one of the 1936 cast steel valve bodies. 
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In the case of the stay rings, it will be appreciated that no such positive 
test is possible in the shop and for that reason every precaution was taken 
by close inspection during manufacture to ensure that the quality of the 
work was of the highest class, and the writer is confident that the work' 
manship put into these rings would be difficult to improve upon. 

Advantages of 'Welded Construction—The particular goal towards which 
every designer of heavy engineering plant which has to be sold in a competh 
tive market should strive, is to effect a reduction in weight without sacrificing 
strength and rigidity , and without impairing the efficiency of the finished 
product. A reduction in weight of primary materials implies an all around 
reduction in material, labor, handling, and transport costs, and is more 
than ever desirable when the completed plant has to be shipped overseas. 

In the present examples, the adoption of welded methods of construe' 
tion has contributed to a reduction in ^weight in an outstanding fashion, as 
will be seen from the figures given below. 


1936 Units 1942 Units 

(Cast Steel) (Fabricated) 

2 Throttle Valve Bodies 

2 Stay Rings.. 

2 Spiral Casings.. 

2 Discharge Tubes. 


26.? tons 23.0 

34.7 30.2 

54.6 41.4 

10.8 7.2 


T otals. 


126.6 Tons 101.8 Tons 


This gives a total reduction in weight for the two 1942 turbines as 24.8 
tons, or 20 per cent of the weight of the 1936 units. This is a factor of great 
significance even in normal times since in addition to the savings in trans' 
port, freightage, and handling costs previously mentioned, it is an economy 
of value to industry in general as it means a saving of the raw materials which 
are necessary for the production of finished steel. 

In time of war the importance of this economy in the use of raw materials 
and finished steel does not need emphasizing, particularly to people in this 
country where the use of steel has been rigidly controlled by the govern' 
ment since the outbreak of war, and where we have seen nation wide drives 
for scrap metals, the wholesale uprooting of iron railings from our streets, 
and the thorough recovery of steelwork during the demolition of “blitzed - ” 
buildings. 

Indeed, it is not too much to say that the redesigning of these turbines 
was justified if for no other reason than that 25 tons of finished steel, and 
the labor required for its production, was thereby released to assist the 
country's war effort in other directions. 

Secondary Advantages—Welded construction offers other advantages to 
the manufacturer, the principal one being the saving in time, and general 
quickening of production which it makes possible. This is particularly 
marked in cases where welded fabrications are substituted for steel castings. 

In the heavy engineering industry the promised delivery date for steel 
castings is the datum from which the machining and delivery program 
must be arranged, and adjustments of the program caused by non'delivery 
of castings, or perhaps due to defects discovered during machining opera' 
tions, cause much disorganization and loss of valuable time, and. are a source 
of irritation to customers. 

It is not surprising therefore, that the substitution of welded fabrications 
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for steel castings has received a great deal of attention from engineering com 
cerns who are sufficiently well equipped with the plant necessary for the 
manipulation of plates and sections. Here, using standard material, the 
plating shop program may be correlated with that of the machine shop, 
and delivery dates given to customers with every confidence that, barring 
extraordinary occurrences, they will be maintained. 

In a works manufacturing its own fabrications the extra work involved 
in fabricating and w T elding wall bear its proportion of the overhead expenses, 
and by spreading these over a greater volume of completed work will assist 
in keeping them at a reasonable level. 



Fig. 8. Press tackle used in manufacture of welded stay ring, 1942 units. 


No troubles will be experienced such as those caused by defective cast¬ 
ings requiring replacement, perhaps after considerable costs have been in¬ 
curred in their machining, and it is not surprising that many firms, including 
the writer’s employers, now regularly fabricate many items which in the past 
would automatically have been purchased as steel castings. 

Summarised therefore, the secondary advantages offered are:— 

(1) Overhead charges spread over a greater volume of work. 

(2) No internal disorganisation caused by delays in deliveries from 
external sources. 

(3) Faulty castings discovered during machining operations may have 
to be rejected, but faulty work in fabrication, if found in time, is more 
readily put right than in a casting. 

(4) In cases where special efforts must be made to meet customers’ de¬ 
livery requirements, the whole of the work, being confined to one organiza¬ 
tion, may be kept under the supervision of the executives ultimately respon¬ 
sible for ensuring that these requirements are met. 

With regard to repairs by welding, mentioned in (3) above, this kind 
of work has, even in the best cases, the stigma of a patch attaching to it in 
a casting; but this is not so with a fabrication as the repair has been done 
by the original manufacturing process. 

This feeling is in many cases purely psychological, but nevertheless it 
is of importance with most customers. 

Technical and Social Advantages—The advantages which may be 
expected to accrue from the general adoption of welded methods of con¬ 
struction to large water turbines of the type described are discussed under 
the three headings of service life, efficiency, and social advantage. 
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Service Life There is as yet little data available upon which to base any 
estimate of increase in service life to be expected from the welded parts 
which have been substituted for the cast steel parts of the 1936 Units, and 
there is no reason to suppose that the change will result in any increase of 
service life, but on the other hand there certainly will be no reduction of it. 

The position of the riveted parts is another matter, since lapped plate 
joints and rivet heads are particularly susceptible to the effects of corrosion, 
and it is reasonable to expect that the smooth finish, both of interior and 
exterior surfaces of the welded spiral casings, inlet pipes, and discharge tubes 
will prove more resistant to the effects of corrosion than the riveted designs, 
2 nd consequently the service life of these parts will be prolonged. It may 
be noted also that the patching by welding, of worn places due to wear, 
corrosion or cavitation, may be done with somewhat more confidence to 
parts which have been fabricated than to others, particularly to castings. 

Efficiency—The modern water turbine is the most mechanically efficient 
prime mover in existence, but it has only attained that position by reason of 
research work and careful attention to detail in design extending over a 
period of many years. 

In tendering for work of this description the efficiencies which the de- 
signer expects to achieve have to be guaranteed, and it is usual by the condi¬ 
tions of contract, to impose heavy penalties in the form of liquidated damages 
for any failure to attain the guaranteed figures during running tests at site. 

Indeed, so much stress is placed on this aspect that it is not at all unlikely 
that in a great many instances the turbines for major schemes are purchased, 
not on price, but on the maker’s guaranteed efficiency figures. 

The reason for this is readily appreciated when it is borne in mind that 
in the average hydro-electric scheme the cost of the turbine itself forms a 
very small proportion of the cost of the works, in many cases not exceeding 
5 per cent of the total. 

Any increase in turbine efficiency therefore, enables just so much more 
electrical energy to be developed from a given quantity of "water, and thus 
the increased earning capacity of the plant will justify the additional cost 
(if any) incurred by the installation of the most efficient turbine that can 
be obtained. 

For these reasons in all hydraulic machinery and in water turbine practice 
particularly, the greatest importance is attached to making all surfaces in 
contact with the water smoothly finished and free from irregularities of 
contor, since neglect of these matters will increase the losses due to skin 
friction, and will also cause turbulence in the water passing through, and 
thus will reduce the efficiency of the machine. 

The importance of this question of surface finish will be seen when it 
is realised that the loss of 1 cusec of water per 100-feet of head is the equiva¬ 
lent of a power output, which if sold at only 0.85 cents per kilowatt hours 
would amount to over $500 in a year, so in the turbines described in this paper, 
operating as they do at 167-feet head, the reduction in earning capacity 
caused by the loss of 1 cusec would amount to $835 per machine per annum. 

It appears reasonable from this to expect, all other things being equal, 
some increase in the efficiency of the present units as compared with those 
of 1936, since in the spiral casings the increased smoothness of the interior 
which follows on the adoption of welding, should by comparison with the 
riveted casings reduce the hydraulic losses. ::^ ‘ 

When considering' the throttle valves and stay rings^ft'^will be realised 
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Fig. 9. Shop erection of a spiral casing, 1936 units. 


that the surface finish of the water spaces obtained in the fabricated examples 
by the use of rolled steel, is much superior to that of cast steel. There is 
indeed little comparison in surface finish between a good mill finish of a 
rolled plate, and the surface left by the sand in even the best of steel castings, 
and from this point of view there can be no doubt which method of con" 
struction is the mere suitable for water turbines. 

The designers naturally base their guaranteed efficiencies on proved 
grounds, prefering for the moment to regard such improvement in ef£" 
ciency as may be achieved from, fabrication as purely fortuitous. 

Judging from recent experience gained on similar work, there are good 
grounds upon which to base this expectation of improvement. In any case 
the installations at this site will offer an exceptionally excellent example for 
comparative tests. 

Social Advantage—The previous subjection leads to the question of the 
ultimate value to mankind in general of the adoption of welded methods of 
construction to all water turbines, and particularly to those of the reaction 

type - . 

There can be little doubt that, in spite of the great hydroelectric projects 
which have been completed in recent years, the world as a whole is still 
far iron making the fullest use of the natural resources of water. It has been 
estimated that less than 10 per cent of the available resources of the world 
are at present being utilized, and although it must be remembered that some 
of these potential rescurces are not at the present time capable of economic 
development by reason of the limitations imposed by their geographical 
situation, yet we must not expect these limitations to prove insuperable in 
the future. 

Already the presence of ample supplies of water at the necessary elevation 
has a tremendous influence on the prosperity of mnay countries, and as 
time goes on the maximum development of these resources will become of 
increasing importance. Here nature has provided in perpetuity, a complete 
cycle -which will continue long after all the coal and oil in the world has 
been exhausted and as long as the solar cycle continues. 
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Fig. Id. Relief valve discharge tube, assembled for inspection, 1942 units* 
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several countries, notably Sweden and Switzerland, whose prosperity depends 
to a large extent on their natural resources in water power. 

The utilization of the water resources in the British Isles has not made 
comparable headway, partly due to the abundance and quality of the coal 
measures and partly due to geographical limitations, and although several 
interesting power schemes have come into operation in recent years, there is 
ample scope for considerable expansion. 

It will be seen therefore, that in many directions there is room for 
further development in the application of arc welding to the manufacture 
of water turbines, since in this field it offers opportunities for reduction of 
cost, increase in efficiency, acceleration of manufacture, and economy in the 
use of materials, advantages of importance not only to manufacture, but to 
progress generally, and the social life of mankind, of which manufacture 
is the humble servant. 

Conclusion, Welding in War and After—Just as the World War of 1914- 
1918 gave a tremendous impetus to the design and manufacture of aircraft 
and motor vehicles, and added greatly to knowledge of wireless telegraphy, 
and brought changes in its train which have revolutionized the daily life 
and social outlook of millions, so we must look for similar vast changes aris¬ 
ing as a result of the present conflict. 

What will be the form these changes will take is still obscure, but it is 
clear that the engineering industry must be prepared to meet heavy demands 
in the vast reconstruction programs which must be put in hand when the 
war is over. 

Just as engineering production will ultimately be the deciding factor in 
war, so increased productivity at lower costs will be essential for the rapid 
recuperation after the war of a world impoverished by the struggle, and the 
obvious way to increase production is the more vigorous organization and 
fuller use of the facilities already to hand. 

The application of arc welding for example, has been greatly stimulated 
by the intensive production efforts which the war has enforced. Drawings 
of components involving the use of rivets, drop forgings, and steel castings, 
hitherto regarded as sacroscant, have hurriedly been withdrawn, and replaced 
by simplified welded alternatives. 

One such component, for a gun mounting, which will serve as an example, 
involved as originally issued the use of 4 drop stampings, 2 plates, 3 steel 
pressings, 38 tubular distance pieces, 37 rivets, and 4 bolts and nuts, reap¬ 
peared, looking it is true somewhat shorn but no less efficient for its purpose, 
and fabricated by welding from exactly seven pieces of plate. This is only one 
example out of many. 

That a world war should have been necessary to bring about common- 
sense changes of this description is a saddening reflection, and the inference 
is that many designers have not made themselves sufficiently acquainted 
with the progress which has in recent years been made in the application of 
arc welding methods, and that only the inexorable demands of war produc¬ 
tion have been able to break down the barriers of convervatism which have 
hampered the development of a manufacturing process which is steadily 
revolutionizing the engineering industry. 

It should be understood that the writer is not one of those persons who 
would weld anything and everything, on the contrary it is his opinion that 
in the past more harm than good has been done by over'enthusiasm in the 
application of arc welding. There is however a tendency with any new 




Fig. IX. Cast steel throttle valves, 1936 units. 

technique to apply it in cases where its use is not economically justifiable or 
its particular advantages entirely applicable, or it might be more correct to 
say. in some cases, without having first acquired a sufficient control over the 
quality of the product. 

When normal conditions return, the steel foundries will not be doomed 
to extinction, the humble rivet will still continue to play its useful part in 
production, and there will be room for all methods of production to have 
full scope, but it is in the field of design that the flexibility and economy 
which arc welding makes possible will have to be more fully realized and in 
this direction there is room for much educational work amongst Drawing 
Office staffs. 

In this connection it may be significant to note that the first booklet to be 
issued by an Advisory Service in Welding, which has been set up by the 
British Government, is intend primarily for the use of Drawing Offices and 
deals with arc welding methods and the use of symbols on drawings. 

Thus it is clear that the necessity for training draftsmen to think in 
terms of fabrication by welding, is becoming increasingly recognized, as it is 
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i successful application of welded methods is chiefly 
a matter of design, and that this presents unlimited opportunities for original 
thought, whilst the prospect of any revolutionary changes in the design 

of cast or riveted parts is remote. 

' ‘' ' design in which these opportunities are 
'* the standardisation of 
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artistically. , , , . , 

design for either structural or mechanical 

done for the sake of welding. If it is 
. the material, and so dispense with a 
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mpies given in this paper will be recognised as forming part 
an eering project of major importance. The fact that such extensive 
;esi ng was possible after an interval of only three years is a direct 
of the designer’s adaptability and the progress made by the manu- 
in the application of arc welding methods. There can be no doubt 
with the return of peace and the resumption of normal trading condi- 
the experience gained as a result of this work will be of considerable 
je to both firms concerned, and it is the author’s hope that perusal of 
results achieved may encourage others to investigate, more fully than in 
past, the possibilities of arc welding in the design and manufacture of 
products. 

The author desires to acknowledge the courtesy of 0. Thott Esq., Man¬ 
aging Director of Messrs. Boving li Co. Ltd. London, in permitting the use, 
for the purposes of this paper, of the examples given. 

He also wishes to express thanks to Messrs. R. J. Barclay, and F. Williams, 
respectively Managing Director and Works Director of Messrs. Markham S’ 
Co. Ltd. Chesterfield, for helpful criticism and permission to incorporate the 
photographs. 



Chapter VII—Welding of Fimshed-Machined Casting 


By Carlton G. Lutts and Paul Ffield, 

Materials Engineer , J^avy Yard, Boston, Mass., and Materials Engineer, Bethlehem 
Steel Co., Quincy, Mass., respectively 



Carlton G. Lutts 


Subject Matter: Repair welds on castings 
used to be considered unsatisfactory, but 
improvement in welding technique, par* 
ticularly in the use of coated electrodes 
and the development of specialised meth- 
ods of making heavy welds have dissipated 
former anxieties. This has led to the 
building of turbine casings from three 
separate castings, welded into a single unit 
—a procedure which results in lowered 
costs and a superior product. Discussion 
of the problems of shrinkage and distor' 
tion and their solution follows, together 
with an analysis of the metallurgical as' 
pects of appropriate heat treatment, in¬ 
cluding sealing losses. Examples of repair 
welding are given. 




Paul Ffield 


A few years back every repair weld on a casting placed a stigma on that 
casting and left the impression that an inferior article was being substituted. 
This condition was still further aggravated because marine engineers were 
progressing towards higher temperatures and pressures and consequently had 
to demand greater integrity from the component parts making up turbines 
and other high pressure steam units. Welding had not really come into its 
own and was usually considered by engineers to constitute a discontinuity in 
the piece welded very much as though the deposited material were merely 
a plug. Admittedly, many of the welds made in castings at that time were 
not a credit to the welding art and there are reputedly cases on record of 
welds “f:ailing out of the casting”. 

Several changes were brought about which materially altered the welding 
of castings. Coated electrodes were developed, and specialized techniques 
of welding heavy castings were introduced. It was soon realized that to weld 
a heavy casting, while it was cold, irrespective of its analysis, was inviting 
trouble. Cracks and spalling were likely to occur even though the same steel 
in lighter sections was considered readily weldable. The importance of pre¬ 
heating and stress relieving and the judicious processing of the deposition of 
weld metal was becoming more thoroughly understood. The inevitable 
result of all these developments was the production of sound welds, superior 
to the casting which was being welded. 

The developments in welding altered the light in which welding was 
regarded by marine engineers. It was realized that a sound structure con" 
sisting of a welded casting was preferable to an unwelded casting which 
might contain hidden defects. The Navy Department brought the question 
of sound cast structures to a point much nearer reality when they pioneered 
the use of radium for inspection of castings. The outstanding work of 
Briggs and Gezelius is too well known to require any further comment. 
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The Bureau of Engineering assumed leadership with the foundries and 
shipbuilders in a concerted drive to produce better cast structures. Within 
liberal limits the Bureau of Engineering would permit the welding of many 
castings provided the repair was subsequently stress relieved and radio- 
graphed. The rejections of castings became fewer and fewer and without 
a doubt sounder castings were being obtained. Outright rejection of high 
pressure castings at Fore River has amounted to less than 4 per cent in the 
last two years. It is believed that this experience is typical of other building 
yards. 

The liberal attitude of the Bureau of Engineering towards welding soon 
produced such developments as cast structures especially designed for weld¬ 
ing. At Fore River, were developed such castings as the high pressure tur¬ 
bine casing shown in Fig. 1. This casting is built up of three separate castings 
welded into a single unit. The advantages for such a structure are numerous. 
However, the most desirable feature of this type of design is that it enables 
the foundryman to position each section in the most advantageous manner for 
making the casting. Sounder castings must result from such technique. It 
might be noted in passing, that the reduced price obtained from the foundry, 
because the casting was subdivided, slightly more than offset the cost of 
welding. 



Fig. I. Turbine casing composed of 3 castings welded together. 


The welding of such structures as the built-up turbine casings afforded 
the Bethlehem Steel Company considerable welding experience and necessi¬ 
tated a certain amount of research concerning control and prediction of weld¬ 
ing shrinkage. This experience seems to indicate that welding must cause 
distortion; that this distortion can be controlled and even offset, and finally 
that we have no cases on record of stress relieving causing distortion provided 
the work is reasonably supported and properly heated. This information 
has since formed the basis for still further developments in the welding of 
castings. 

Even in the best regulated shops a defect will sometimes be revealed when 
the final machine cut is being taken on a casting. In the authors’ opinion 
rarely are halfway measures applicable to such a condition. The defect must 
be excavated, repaired by welding, and the whole casting re-stress relieved. 
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Fig. 2. Steam inlet and turbine casing after partial removal of defects. 

Halfway measures such as seal welding the defect are hazardous. Further- 
more, we now have strong indications that at the present operating tempera¬ 
tures the buried defect may creep through the seal weld, producing a leak. 
Repair by seal welding is then out of the question. 

When such a condition arises the engineer must first determine whether 
the defect is serious. This can usually be determined only by radiography. 
It might be well to point out here that the Navy's radiographic standards 
should not be considered as the sole means for judging the seriousness of 
such a defect. These standards were developed primarily as a general guide 
and some of the acceptable conditions “no repairs required" may not be 
acceptable if in a location of maximum temperature and pressure or at 
points of stress concentration. 

Before citing several examples of finished castings which have been re¬ 
paired, it might be well to clear up some of the controversial points concern¬ 
ing the hazards of such a process. Distortion of rep air-welded castings is 
the result of movement caused by stresses which have been introduced dur¬ 
ing the course of the repair. The two sources of stress are shrinkage of the 
filler metal, and differential expansion arising from temperature gradients set 
up during the various phases of the welding process. Stresses originating 
from shrinkage of the weld metal are negligible in comparison to the stresses 
resulting from temperature differential. The magnitude and ultimate effect 
of thermal stresses are dependent principally upon such factors as preheat¬ 
ing, quantity and rate of deposition of weld metal, location of the weld with 
respect to the casting, and method of subsequent stress relief. 

Simple calculations show that the intensity of thermal stresses per degree 
of temperature difference is equal to (modulus of elasticity) X (coefficient of 
thermal expansion). On this basis, for C-Mo steel the stress intensity per 
degree F of temperature differential (at 400 degrees = (30 X 10 6 ) (7.9 X 
10- 6 ) = 237 pounds per square inch. Thus, with a temperature differential 
of 150 degrees F., a stress of 35.000 pounds per square inch is raised, a value 
approaching the yield point of the material. Since the welding procedure in¬ 
volves the application of heat, it is necessary to consider each step in this 
welding in relation to establishment of temperature gradients. 

The principal metallurgical reason for preheating a casting prior to weld¬ 
ing is to prevent hardening and embrittlement of the weld area. But preheat¬ 
ing serves not only to prevent embrittlement, but also to minimize the sharp 
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temperature differential immediately established by deposition of liquid 
metal. The minimum preheating temperature depends upon the composition 
of the material and the amount of metal to be deposited. With C-Mo steel 
a minimum temperature of 400 degrees F. is used even when small amounts 
of repair are to be made. When large amounts of metal are to be deposited, 
a higher preheating temperature is used in order to allow for heat lost by 

During welding, the weld zone acquires a temperature far in excess of 
the casting itself, and thus the thermal expansion of this zone varies from 
points removed from the zone. On cooling, the weld zone cools at a faster 
rate and has a greater temperature range through which it must cool. All 
points do not cool through the same temperature range at the same time. It 
is through this variation in thermal expansion and contraction that internal 
stresses of high magnitude are set up. When they exceed the yield point, 
the material upsets upon itself, which leads to distortion if movement is urn 
ricted. The intensity of stress is especially high if variation in section 
its in tms area. 

Location of the weld is also a factor in determining ultimate distortion. 
In a zone where movements become entirely localized, total distortion will be 
small. But if the zone is located in a position where small local movements 
become magnified into larger movements at a remote point by mechanical 
action, then the total distortion will be appreciable. 

Although the process of stress establishment is inherent in the welding 
process, certain measures can be taken to minimize its magnitude and effect. 
Among these are control of welding rate, and judicious peening. Since distor- 
tion results directly from upsetting of the metal adjacent the welding zone, 
peening of each bead and the immediate surrounding area counteracts this 
upsetting. In addition, the weld area can be peened sufficiently to upset the 
metal in the opposite direction by an amount equivalent to the greater con¬ 
traction which this area would normally undergo on cooling. Some care 
must be exercised in peening, however, since the casting has locked-up 
stresses which might easily lead to cracking. As will be explained later, 
peening may also be used in certain instances to correct distortion in required 
castings. 

Another factor creating thermal stresses is quantity and rate of welding. 



Fig. 3. Repair-welded turbine casing alter stress relieving. 
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Fig. 4. Rough-bored casing after removal of defects. 


Ideally, a minimum of distortion would result if tlie entire volu m e of weld 
metal could be deposited at once, or conversely, if the filler metal could be 
deposited in infinitesimally small amounts. Deposition of the entire quantity 
at once would create an appreciable thremal stress, but the condition of 
stress would last for only a comparatively short time. By d^positi-g a very 
small quantity of metal at a time, the temperature gradient is held to a 
minimum. It is by the use of intermediate welding rates that ma ximum 
distortion results, because a sizable thermal stress is established and allowed 
to act for a period of time, thus causing movement and distortion in a manner 
similar to creep. In practice, the nearest approach to ideal conditions is ob- 
tained by employing a very small rate of feed. For example, less distortion 
is encountered by using a J/8 finch wire, than with % 2 dnch or larger. By a 
combination of this lower welding rate and judicious peening, distortion can 
be held to a minimum. 

Stresses locked up during welding are mostly dissipated during the 
stress-relieving operation. At a temperature of 1100 degrees-1200 degrees F. 
atomic readjustment and resultant neutralization of stresses occurs without 
distortion when certain precautions are observed. The principal precautions 
are proper support of work and maintenance of slow heating and cooling 
rates, with periodic soaks. For even in the stress-relieving operation new 
thermal stresses can result from non-uniform heating and cooling. 

It is generally agreed that 400 degrees F. per hour divided by the maxi¬ 
mum thickness in inches is a conservative heating rate, but there is an added 
factor of safety in employing one half of this rate and this is recommended in 
important work. Unlike other heat treating operations the period of hold at 
temperature is not a linear function of thickness. Two hours at temperature 
is sufficient, for during the first hour the stresses of high intensity are reduced 
to those of the initially lower value, and after two hours all are reduced to a 
safe level. The work should not be removed from the furnace on the way 
down until a temperature of 400 degrees F. is reached, in order to avoid new 
thermal stresses. 

The next point frequently raised is that oxidation or scaling is a factor 
to be considered. In a gas-fired furnace the losses of actual steel from scaling 
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at the usual stress'relieving temperature have been negligible Nothing other 
than a fine red powder has ever been observed. Even in electric furnaces 
operated without atmospheric control the amount of oxidation at 1200 
degrees F. is not excessive. Cleaning by kerosene or other measures removes 
the loose oxide and presents a surface equal to the surface of any turbine 
which has been run for some time. It is believed that the word scaling is 
responsible for most of the apprehensions from this source. Table I shows 
typical losses obtained from scaling in carbon-molybdenum and carbon steel 
castings at the upper limit of the stress-relieving temperatures 

As a result of the fears of loss of metal froin scaling,_ it has sometimes 
been proposed that on finished machined sections it is advisable to stress-re'* 
lieve at a lower temperature for a longer period of time. In the authors 
opinion such a precaution is unnecessary and furthermore, is liable to lead 
to improper stress-relieving. Stress-relieving may almost be considered a short 
time creep treatment with certain fibres flowing plastically. Time and tempera¬ 
ture are the conditions to be considered. What the relation between time 


Ta ble I—Loss in Thickness of Steel Due to Scaling in an Electric Furnace at 
Stress Relieving Temperatures 


Time at 1250 degrees F. 


Average Reduction in Diam. 

Mild Steel C. Mo. Steel 

Inches Inches 


1 hr. 

0 

2 hrs. 

0 

4 hrs. 

.001 

8 hrs. 

.001 

16 hrs. 

.001 

24 hrs. 

.002 


.001 

.001 

.001 

.001 

.001 

.002 


hJote: These losses are measured on the diameter of a ^<4 rd. bar. Losses on a 
plane surface would be one-half of the above amounts. 

and temperature is has not yet been determined as far as the authors know. 
1200 degrees F. for one hour may be entirely adequate for a carbon- 
molybdenum steel. However, at 900 degrees F., 5-hours or 5000-hours may 
not be sufficient. Until research has shown what the relationship is between 



Fig. 5. Distortion due to welding. Before welding, "A" 21.986-inches, "B" 23.003-inches. 
Alter welding "A" 21.997-inches, "B" 23.020-inches. After annealing "A" 21.999-inches, 
"B" 23.015-inches. Welding caused a concave deformation at the horizontal joint of .007- 

inch. 
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time and temperature for stress-relieving, the authors would not suggest 
lower temperatures and longer times. 

In regard to actual repair of defective castings, the following paragraphs 
describe procedures used on three groups of castings. With the first group 
of castings, a certain amount of distortion could be tolerated, and no special 
precautions to avoid distortion were therefore required. The second group 
represents castings where re-machining could be used to correct a limited 
amount of distortion. The third group is representative of finish machined 
castings where no machining could be permitted after repair welding. Weld 
distortion with this group, therefore, had to be minimized and subsequently 
eliminated by means other than machining. 



Fig. 6. Partial removal of defects in turbine casing. 

With respect to the first group of castings where a small amount of 
distortion can be tolerated. Fig. 2 shows the high pressure steam inlet 
of a high pressure turbine where radiographic examination disclosed a defect, 
shown in the photograph after excavation. Since this location Is in the 
region of maximum temperature, and since the stresses on the neck of the 
inlet pipe are usually rather indeterminate due to effect of connected steam 
lines, a complete excavation of the defective area and a sound weld were 
necessary. In this case minor distortion could easily be accommodated even 
if it meant refacing the inlet flange. Special precautions for this repair 
therefore, were not necessary. The casting was positioned for downhand 
welding and preheated over a generous area to 400 degrees F. The welding 
was deposited in and around the sides of the cavity, rather than uniformly 
filling the cavity. Each layer was peened partially to offset the welding 
shrinkage and to insure slag removal. Measurements were taken between, the 
flanges of the inlet and the flanged joint of the casing before, during, and 
after welding. After welding, the casting was stress-relieved at 1250 degrees 
F. It was not necessary to use an elaborate jig to support the casting. It was 
placed on a car bottom furnace and supported at various points with steel 
wedges as shown in Fig. 3. After stress-relieving, measurements showed that 
the casting had distorted less than .001-inch at any point. There w T as slight 
tarnishing of the machined surfaces and the paint on the casting was burned 
off, otherwise there had been no ill effects. The casting, however, was now 
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definitely sound and no trouble from a hidden defect in this region would 
occur. 

Fig. 4 represents the second group of castings where distorted areas can 
be re-machined after repair. When the final cut was being taken on the 
flanges of this turbine casing, two cracks were^ disclosed which were not 
visible when the casting was rough machined. The casting had been rough 
but not finished bored. The bore was still Vi6"inch oversite, so warpage 
could be permitted which was within this limit. It would also be a simple 
matter to take a light cut off the flanges. 

After cleaning out the cavities, weld metal was deposited approximately 
in the same manner as in the previous casting, and the usual precautions 
of preheating and cleaning were followed. The welding caused a convex 
deformation of the horizontal joint of approximately .007-inch. The bore 
of the casting also tended to widen, by approximately .012-inch. It can be 
noted by referring to Fig. 5 that a slight recovery was obtained in the “IT 
reading in the bore after stress relieving this casting. After completion of 
the repair, the horizontal joint was re-machined to eliminate the concavity 
of .007-inch, and the casting was then finish-bored. 

Another example of repair welding, where a small amount of distortion 
can be corrected by re-machining, is represented by a horsepower turbine 
casing shown in Fig. 6. In this casting defects w^ere present in the wall 
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Fig. 8. Method of restoring distorted turbine casing to required flatness. 


midway at the third staging, and also in the walls of steam chest. Aiter 
removal of defects, welding was performed on the preheated casting. Each 
layer of weld-metal and adjacent area was peened, and a total of thirty 
pounds of weld metal was deposited. The casting was. stress relieved ax 
1200 degrees F. for two hours. Measurements after welding showed a high 
spot of .006-inch on one flange. A grinding operation restored required flat- 


ness to the casting. . ... £ 

An example of repair where no machining is permissible after welding % 
is represented by an I. P. turbine casing shown in Fig 7. It can be noted ^ 
that tour rows of blading are in place. Distortion therefore had to be ■ 
minimized during welding and then eliminated by means other than machin- 
ing Defects in this casting were located within the ‘ T slot in the way 
of impulse blading. The defects were so extensive that removal consisted 
essentially of cutting the casting in two except for the flanges. Fig. 7 shows 
some of the excavation under way. This was continued along the slot shown. 
Prior to welding, measurements were made as indicated m rig. 7, ror con- 
venience called “flatness” measurement and “C” measurement. _ 

The casting was preheated to 400 degrees F. for welding. Peenrng or each 
layer of weld metal and surrounding area was practiced as previously de¬ 
scribed. Approximately fifty pounds of weld metal were deposited. After 
stress relief at 1050 degrees F. for four hours, measurements showed loss of 
flatness of .014-inch in a length of seven feet, and a contraction of 
across the “T” slot. It can be seen from the photograph that the contraction 
across the slot is the action which caused loss of flatness in the flange, n 
this casting, the width or diameter of the bore did not change beyond the 

small permitted tolerance. . 

Distortion was corrected in a manner shown by Fig. 8. The caan 0 was 
supported on blocks, and the small end of the casing was loaded so that 
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the metal behind the fc T’ slot was put in tension. Peening of this area, 
! as shown in the photograph, caused the metal to spread in a direction with 
the applied tension, which was opposite to original weld shrinkage. Peening 
was continued until measurements showed that distortion was eliminated. 
The stress relief treatment given this casting did not cause any dimensional 
return, but in other cases it has been found necessary to straighten beyond 
the point finally desired, thereby allowing opportunity for slight dimensional 
return in stress relieving. 

In summary, it has been shown that castings with large areas of finish 
machined surfaces, whose flatness and dimensions are required to be main' 
tained within close limits, can be successfully repair welded. Castings up 
to seven feet in length and weighing two tons have been repaired with 
as much as fifty pounds of weld metal added. Although problems con' 
nected with repairs have differed somewhat with each particular casting, 
observance of precautions previously described and use of approved welding 
technique have made it possible to repair successfully castings which in 
former years would have required rejection. 

Actual cost savings which may be attributed to these methods of repair 
;cannot be evaluated. The saving for any one casting would of course be 
the cost of all handling, layingout, and machining which had been expended 
on the casting prior to discovery of the defects, less the cost of the repair 
by welding. These factors will vary from one casting to another. Another 
factor which must be considered even more than monetary saving, especially 
since Pearl Harbor, is the saving in time which may result from the repair. 
jOutright rejections of machinery castings must be held to a minimum if the 
orderly progress of ship construction is to be maintained. From the stand' 
point of safety, a casting which has been radiographed and repaired by 
welding is considered much more dependable than a casting which has not 
been radiographed. This is an important consideration when the castings 
involved carry high temperature, high pressure steam, for a sound casting 
presents less danger to the operating personnel. A casting which has been 
repaired during manufacture also means that less operating time will be 
lost because of necessary repairs after the ship has been in service for some 
time, since an internal defect will sometimes pass hydrostatic and other 
routine tests only to work its way to the surface of the casting under 
operating stresses. 

The authors wish to acknowledge the cooperation of Mr. J. E. Burkhardt, 
Technical Manager, Bethlehem Steel Co., Shipbuilding Division, whose 
advice and constructive criticism has been most helpful. Most of the de- 
velopment work on castings built up by welding has been due to his 
insistence on obtaining sound castings whether it be by design, by radiog' 
raphy, or by repair. The authors also wish to acknowledge the helpful 
cooperation of Rear-Admiral P. B. Dungan, formerly Inspector of Machin- 
ery at Fore River; Captain R. W. Paine, Engineering Superintendent, Boston 
Navy Yard; and Commander C. O. Kell, Production Manager, Boston Navy 
Yard whose advice concerning repairs of steel castings has been most helpful. 



Chapter VIII—Welded Revolving Cranes 
By C. Perry Streithoff 

Structural Division Engineer, Engineering Wor\s Division, Dravo Corporation, 

Pittsburgh, Pa. 



Subject Matter: While various improvements were made from 
time to time in design and construction of revolving cranes, 
probably no other procedure in the work of the company has 
enjoyed so much success as that of modern arc welding. In the 
case of the sample crane described, the saving in material was 
12 per cent and in labor 22 per cent. At this rate, the saving in 
the company’s business would be $100,000 per year, and if it re¬ 
sulted with all the revolving cranes built in the entire industry, the 
annual saving could be nearly one million dollars. The decrease 
in weight and increase in rigidity increase the service life of the 
equipment. 


The full-revolving, whirler-type crane has become the basic erection tool 
of the American shipbuilding industry. Having the advantage of extreme 
flexibility over stationary cranes, the traveling gantry type, illustrated in 
Fig. 1, has become the most popular for shipbuilding, drydock and general 
construction work. 

It is well recognised that the advance of welding in ship construction 
has resulted in the prefabrication of larger and larger assemblies. This 
condition, and the installation of heavier equipment and machinery, has 
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prescribed heavier crane capacities for handling these units. At the same 
time, utmost in safety must be incorporated as in all cases a failure would 
result in serious financial loss, serious hazard to nearby workmen and a 
serious retardation of our strained defense program. Complying with both 
of these trends, the albweided, screw-luffing crane described in this paper 
was developed. 

The general arrangement of the crane is shown in Fig. 2. Mounted 
9 a . a 3 5-foot high gantry with runway rails spaced at 2 5-foot centers , 
it is equipped with a 150-foot triangular shaped boom of the screw duffing 
type providing maximum flexibility and safety for heavy-duty shipyard 


Pig. 2. Side of portal elevation. 




Fig, 3, General arrangement of boom. 
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service. The crane has a rated capacity of 25 gross tons or 56,000-pounds 
at a radius of 85-feet and 33,000-pounds at a radius of 98-feet for the main 
hoist hook. An auxiliary hoist provides a capacity of 20,000-pounds at a 
156-foot radius. 

Boom—The boom is pin connected to the top of the front portal of the 
longitudinal trusses. Its triangular shape and framing details are departures 
from orthodox boom design, and the efficient proportion of the component 
parts was made possible through modern welding design and practice. 

The general arrangement of the boom is shown in Fig. 3, indicating 
the makeup of its various members. These are proportioned to resist a 
combination of dead load plus live load, plus 25 per cent impact on live 
load, plus side forces due to slewing or seven pound side wind. The 
resultant stresses are obviously compression in the bottom chord, reaching 
a maximum magnitude of 240 kips for each of the two bottom chord 
members adjacent to the boom foot. Similarly, the top chord tension at 
the screw frame connection totals 340 kips. The resultant web stresses, 
however, are relatively small, and these parts are proportioned largely to 
satisfy their 1/r requirements. Accordingly, the only main member material 
that can be substantially reduced through welding is that of the top chord, 
which, by maintaining gross section, can be reduced by approximately 15 
per cent over riveted construction. It is in the design of the details and 
connections, however, that welding helps to materially reduce the weight 
of this very important part of the crane. For every pound of weight reduc¬ 
tion on the boom, the load on the remaining structure is reduced by ap- 


Fig. 4. Welded design made triangular boom practical. 
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Fig. 5, (left). Boom details, typical bottom chord joint. Fig. 6, {right). Boom details, typical 
top chord joint, (above), and typical top chord splice, (bottom). 

proximately five pounds. In order to further reduce the weight of the 
boom, the chord members were built of copper-nickel alloy steel, permitting 
an increase in allowable unit stresses of one-third over that of ordinary 
carbon steel. Accordingly, a welding electrode possessing similar properties 
to those of the parent metal was selected, after having tested numerous 
specimens under various unusual and severe conditions. 

As mentioned previously, the web members must be proportioned to 
meet maximum 1/r requirements. For this purpose two angles arranged to 
form a star-shaped strut were selected, making a very efficient compression 
section. Plate battens, welded to the outstanding legs of the angles and 
alternating by 90 degrees, provided an economical method of fabricating 
these sections. 

The arrangement of the primary members to form the triangular shape 
of the boom is illustrated in detail in Fig. 4. Gussets were arranged normal 
to the webs of the chord members, and placed in the same plane of the 



Fig. 7. Typical splices and connections at boom top chord. 
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sloping diagonals, thus greatly simplifying the connections of chords to 
diagonals. 

Details of a typical bottom chord joint are shown in Fig. 5. In addition 
to the primary gusset plates mentioned above, small triangular gussets attach 
the outstanding legs of the diagonal members to the chords, thus relieving 
the primary gussets from any possible lateral stresses. The bottom chord 
lateral system is designed to transmit all lateral loads due to slewing or side 
wind to the main framing of the rotating structure. As indicated, horizontal 
struts composed of 5'inch H sections are framed into the bottom chord, 
while single angle diagonal cross bracing is connected to strut and chord 
through a common gusset plate. Vertical stiffener plates “back-up 11 the top 
flange of the chord member opposite the primary gusset connection. To 
develop this joint with riveted connections would require at least three times 
as much detail material. 

A similar detail showing a typical top chord joint is indicated in Fig. 6. 
A common vertical gusset assists in transmitting the diagonal stress from 
each of the four primary gussets to the chord member. The remaining 
details are similar to the bottom chord joint previously described. 

Also illustrated in Fig. 6 is a typical chord splice. The flanges of the 
member were butt welded, while the web was developed through two side 
splice plates as indicated. These splice plates were provided with erection 
holes, thus simplifying the erection of adjacent boom sections. 

The photograph. Fig. 7, shows a typical top chord splice as well as 
a typical joint arrangement both of which have been described above. 





Details of b 
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Fig. 10. Details of top chord transition splices 
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Details of the boom foot connection are shown in Fig. 8. Designed to 
transmit a compression load of 240 kips, the flanges and web of the bottom 
chord beam are butt welded to a steel billet. In addition to the 45 degrees Vee 
weld to accommodate the stress flow from the relative thin sections of the 
rolled shape to the solid billet, the boom foot billet is bored for a bronze 
bushing to receive the lower hinge pin. As indicated, the bottom chord 
laterals are connected to billet and chord by means of a gusset plate. The 
resulting joint is simple and neat in appearance, yet highly efficient. 



Fig. 13. (left). Top connection boom portal. Fig. 14, (right). Boom portal ready for shipment 


A most interesting detail is the top chord splice illustrated in Fig. 9, 
the function of which is to transmit a tension stress of 300,000'pounds from 
a single 1 Chinch wide flanged beam to two 1 Chinch standard I beams. Since 
the combined area of the two webs of the standard I beams was considerably 
larger than that of the single wide flange beam, a %'inch web plate was 
inserted to transmit the stress from the pair of I beams to the web and 
flanges of the single beam. The transition was completed by butt welding 
the flanges of the three primary members involved. Stiffener plates were 
provided to back up the diagonal gusset plates, and a sealing plate was 
inserted between the w r ebs of the two I beams to prevent water from 
lying in the Vee shaped pocket formed by the junction of the two members. 
The details of this joint are further illustrated in Fig. 10, which shows the 
connection as it actually looks in position on the boom. 

Also shown in Fig. 9 is the hinged joint of the top chord where it 
connects to the boom portal. Each of the two lOinch Fs was welded to 
a steel billet as indicated. Again, the flanges of the chord members were 
Vee butt welded to the billet with additional fillet weld reinforcements 
on each side to assist proper stress transition. 

The assembled boom is illustrated in Fig. 11. Convenient erection holes 
were provided for the various shipping units to insure accuracy and align' 
ment and to expedite the final field assembly. 

Boom Portal—The boom stresses are transmitted to the basic rotating 
structure through the luffing screw and boom portal. These two highly 
stressed and important members are hinged to the longitudinal platform 
trusses at their lower ends and converge at their upper ends to form an 
apex of a large triangle to which point the boom top'chord is attached. The 
front leg of this triangle, identified as the boom portal, is detailed in Fig. 12. 

As indicated, the two main post sections of the boom portal consist 
of a pair of channels and a continuous cover plate forming an open box 



































826 


STUDIES IN ARC WELDING 


section the open side of which is braced with gussets and intermediate 
battens. Hinged to the platform trusses on a common pin with the boom 
foot, the lower end of the portal posts is provided with a pair of pi n 
plates welded to the channels as indicated. 

The top connection, through which the boom portal is hinged to the 
luffing gear, provides a very interesting detail. Consisting simply of two 
pairs of vertical plates separated by plate diaphragms, they are arranged for 
pre-fabrication and assembly. In their final position in the structure these 
built up connections form an integral part of the boom portal and provide 
a smooth transition of stress from boom chord to luffing gear and portal. 
This feature is further illustrated in the close-up photograph shown in Fig.* 
13. Layout and boring operations of the sturdy boom portal is accomplished 
in progressive stages on the fitting floor of the machine shop, where, in 
Fig. 14, a completed unit is shown ready for shipment. 



Fig. IS. Luffing mechanism during assembly. 


Luffing Screw and^ Frame—The luffing mechanism is one of the most 
interesting features of the crane. It consists of a screw arrangement of 
the turn-buckle type, the screw working two non-rotating nuts mounted 
in steel trunnions.. Having an over-all length of forty-two feet from center 
to center of trunnions, the screw is made of forged nickel steel, normalised 
and quenched to provide a minimum yield point of 80,000-pounds per square 
breads ar p the single lead buttress type, having a speed of 
16 revolutions per minute and a nut speed of 2.84-feet per minute, per¬ 
mitting the boom to be raised from 90-feet to 60-feet radius in two minutes. 
The mechanism is motor driven through a gear reduction unit and so 
arranged that the boom cannot change positions except when the mechanism 
is in . operation. Upper and lower boom positions are protected by an 
electric limit switch with slow down and final stop arrangements. Details 
of the end connections are shown in Fig. 15, while various parts of the 
mechanism are shown in the process of assembly on the machine shop fitting 
floor m Fig. 16. r 

The luffing mechanism is housed in a sturdy welded framework and guide 
arrangement, die nucleus of which is two longitudinal I beams with suitable 
cover plate. Rigid yokes are provided at each end near the hinge points 
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Fig. 18. Sid© elevation of rotating structure. 


with intermediate transverse frames, the details of which are indicated in 
Fig. 17. The design is so arranged that if the screw should break in tension, 
it will carry the load in compression to the bearings at the end of the 
framework, and thence through the frame, without dropping the load. 

Longitudinal Trusses—The general arrangement of the longitudinal 
trusses, showing their relationship to the boom, screwduffing mechanism 
and rotating platform, is shown in Fig. 18. The primary function of these 
units is to provide vertical bending and shearing resistance to the machinery 
platform. Framed between the rear bulkhead and the front portal, each 
truss consists of a pair of channels acting as top chord, three pairs of angles 
for diagonal web members and a bottom chord which utilizes the longitudinal 
platform beams as its sections. The gussets were shop welded to the top 
and bottom chords as indicated while the diagonal web members were 
shipped separately for final field assembly. 

Details of the front portal are shown in Fig. 19, the vertical post of 
which transmits the boom foot reaction to the rotating platform. The posts 
consist of a pair of heavy channels separated by plate battens. Its upper 
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Fig. 19. Typical details of platform portal. 

end is arranged to take the boom foot hinge pin while its lower end is 
provided with a simple base plate. The two portal posts are braced trans¬ 
versely with battened angles as indicated. 

The lower end of the luffing gear is hinged to the rear bulkhead from 
which the stresses are transferred to the rotating platform and longitudinal 
trusses. Details of the rear bulkhead are shown in Fig. 20. In addition 
to acting as a distributing girder, each of the two side sections provides 
one of the walls of the two wing counterweight boxes which will be sub¬ 
sequently described. The photograph. Fig. 21, shows a boring operation 
for the hinge pins on one of the rear bulkheads. 

The top chords of the two longitudinal trusses are braced laterally as 
indicated in Fig. 22. The location and arrangement of the various members 
are prescribed by the hoisting rope lead line clearance requirements. The 
cross struts of the bracing system provide the supports for two longitudinal 
monorail beams, the purpose of which is to provide machinery handling 
facilities. The connection details of the monorail beam to strut are interest¬ 
ing. As indicated, this connection is accomplished by means of a vertical 
round bar passing through one flange and inserted in the web of each beam. 
The bar is then continuously welded to the connecting perimeters, making 
an extremely simple yet highly efficient suspender connection. 
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Rotating Platform—-The entire weight of the rotating structure and live 
load is supported upon a system of rolled steel, double flanged wheels. 
Bronze bushed, they revolve on steel pins assembled in a double channel 
circular cage. Heavy section crane rails form the upper and lower rail 
circles, the complete assembly resulting in a level, unyielding turntable. 

General arrangement and details of the rotating platform framing are 
shown in Fig. 23. It consists essentially of four longitudinal girders, the 
center two of which form the bottom chords of the two longitudinal trusses 
previously described. The unit is spliced for shipment adjacent to the two 
center longitudinal beams, as shown in section B-B, resulting in three ship' 
ping sections. The roller reactions are supported by two transverse beams 
in the center section and four diagonal beams in the two wing sections. 
Additional transverse beams are provided for machinery, counterweight 
and king-pin supports. A plain plate covers the top of the center section 



Fig. 20. Details of rear bulkhead. 
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while checkered floor plate is utilised in the wing sections. Bottom flanges 
of all beams supporting the roller circle are further reinforced with a 
cover plate as indicated, the width of which, together with the top floor 
plate and properly spaced vertical stiffeners, insure ample resistance to any 
of the eccentrically applied roller loads. 

Section D-D, taken transversely and adjacent to the king-pin support 
is shown in Fig. 24, further amplifies the details of the platform construction. 
The arrangement of the structural supports for the swinger or rotating 
mechanism is detailed in section E-E. 



Fig. 21. Boring operation on rear bulkhead connection. 


The photograph. Fig. 25, a general view of the fitting floor, shows the 
gantry top in the foreground to which the lower rail, roller circle, rack 
and female stediment have been assembled. The rotating platform is shown 
being turned over for mounting on the gantry top. 

A section through the rotating platform and gantry top, showing the 
center stediment, king-pin and swinger drive arrangement, is indicared^ in 
Fig. 26, while a floor plan of the machinery house, (See Fig. 27), further 
illustrates the mechanical arrangement. The center stediment, consisting 
of a bronze bushed male and female part, is mounted at the center of 
rotation of the crane and is designed to absorb all the horizontal forces 
due to rotation. A hollow center king-pin passing through this stediment 
anchors the rotating platform to the gantry top and forms the center of 
rotation for the superstructure. 

The hollow center of the king-pin further provides for the carrying 
of the electrical wiring. A four-ring collector, transmitting the main in¬ 
coming current from the stationary to the rotating parts of the machine, 
and a multiple-ring collector, transmitting the control currents for travel 
and rail clamp controls, are fitted around the center stediment. 

As indicated on the machinery plan, the motor driven rotating mechanism 
consists of a gear reduction unit, a set of bevel gears and a vertical shaft 
with an integral rack pinion, providing the structure with a rotating speed 
of one and one-quarter revolutions per minute. 
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Q.A Hull transverse section through rotating plate, ladder detail, and section through swinger. 
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Fig. 25. Rotating platforms being turned over for mounting. 


Driven independently, the main and auxiliary hoisting units are mounted 
on an integral welded base, the completed unit being illustrated in Fig. 28. 
The main hoist drum has a pitch diameter of fifty inches and a length of 
eighty-two inches. It is grooved to take a single layer of hoisting rope one 
and one-eighth inches in diameter, the main load block being reeved tor 
four parts of line. The mechanism is powered with an electric motor through 
a double set of spur gear reductions. 

The drum of the auxiliary hoisting unit has a pitch diameter ot thirty 
inches and a length identical to that employed on the main drum, thus 
simplifying the base construction. The drum is grooved for the one-inch 
auxiliary block lead line. 

Machinery House—The crane machinery, control panels and operator’s 
controls are housed in a neat, all-welded steel cab, the general arrangement 
and details of which are indicated in Fig. 29. The side sections are built 
in 12-foot long panels, each consisting of two vertical sheets of heavy gauge 
steel. The sill of each section is a flat bar which is provided with two 
fitting holes for field assembly prior to welding directly to the top flange 
of the outside platform beams. The top-header or cave strut is made of 
a continuous angle or flanged plate, while the vertical edges of each sheet 
are backed up with four-inch I beams thus making a shipping section, the 
entire perimeter of which is rigidly supported. Midway between the sill 
and cave strut a four-inch horizontal girt cut from an eight-inch channel 
is inserted. Intermediate vertical stiffener bars are spaced on twenty-four-inch 
centers to add additional stiffness to the skin plating. The weight of the 
resultant section averages only ten pounds per square foot, w T hich, for the 
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degree of strength and rigidity obtained, could be obtained only through 
welding. 

The roof sections were built in similar shipping sections using lOgauge 
roof sheets in seventy-two-inch widths. The rafters consisted of four-inch 
angles with toe welded to roof plates except at plate splices where four-inch 
I beams were employed, utilising the flange as a back-up bar. The eave 
sections were trimmed with a continuous longitudinal bar. The resultant 
construction not only lends itself to simple fabrication methods but provides 
rigid, easy to handle, shipping sections. 

Commercial steel sash of the projected ventilator type were installed 
in the sides of the cab by welding the sash frame to the skin plating with 
a continuous sealing bead making a neat, weather-tight joint. The location 
of the control cab and the arrangement of the windows provide the operator 
with a free and unobstructed view of the hooks for all positions of the 
boom. The control room is separated from the main machinery house by 
means of a metal partition, while floors, ceiling and sidewalls are insulated 
for the comfort of the operator and shatterproof glass is installed in the 
sash for his safety. 

A removable panel is installed in the floor of the machinery house to 
permit any part of the crane machinery to be lowered to the trestle. The 
two longitudinal lift beams, described previously, span this opening. 

Gantry Structure —The thirty-five foot high gantry structure is copped 
with a sturdy base on which are mounted the lower rail circle, the rack 
for the rotating mechanism and the female center stediment. The photo¬ 
graph, Fig. 30 , shows the rotating platform being moved over to the gantry 
top for a check assembly before the crane is shipped. Careful manufacturing 
methods insure perfect alignment between the various sub-assemblies, thus 
the large roller circle, sandwiched between the sturdy welded gantry top 
and rotating platform, constitutes in effect a large roller bearing designed 
and perfected so as to give minimum friction in rotating the revolving 
structure and load. Details of the gantry top are indicated in Fig. 31 . Four 



Figr. 26. King-pin and swinger drive arrangement. 
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Fig. 30. Rotating platforms ready for mounting. 
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The gantry portal elevation is shown in Fig. 32, indicating the general 
-design and detail features of the portal framing. Similarly, the side eleva- 
tion of the gantry is shown in Fig. 33. The gantry legs are pin connected 
to the four equalizer trucks at each corner of the gantry structure. The 
wheels are arranged in four-wheel fully equalised trucks, two of the wheels 
at each corner being motor driven through spur gear reductions. Each 
of the four travel motors are mounted on the outboard equaliser truck. 

Two double-jaw automatic rail clamps, mounted in the center of the 
gantry sides, are sufficiently rugged to hold the crane against a 100-mile-per- 
hour wind. The rail clamps are pre-assembled in a self-contained all-welded 
housing, the assembly being illustrated in Fig. 34. The jaws of the rail clamp 
are actuated by a power unit consisting of a motor driven hoisting engine, 
and the mechanism is interlocked with the travel motor controls in such a 
manner that the operator must release the clamps before power can be 
obtained on the travel controls. The rail clamp release unit is located in the 
control house suspended from the gantry top. 

History—The foregoing detailed description is a typical example of a 
long line of modem all-welded cranes being built by the crane and bridge 
department of our company. For more than 30 years we have been building 
revolving cranes, the design and manufacture of which was developed to 
meet the growing demand for faster and more suitable equipment for con¬ 
struction of 'dams, locks, bridges, terminals and all heavy work requiring 
the rapid handling of materials. Initially built largely of wood framing 
with steel hardware, the transition to all steel riveted construction produced 
a crane of greater lifting capacity at longer boom reach, and more rugged 



Fig. 33. Side elevation of gantry. 
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Fig. 34, (left). Self-contained rail clamps for housing. Fig. 35, (right). Close-up of 28-ton 

screw-luffing crane. 


to meet severe and continuous service with low maintenance cost. While 
various improvements were made from time to time in design and con¬ 
struction, probably no other procedure in manufacture has enjoyed as much 
attention and success on the part of our design engineers and management 
as that of modern arc welding. Encouraged by executive support, and 
backed by a successful history which pioneered the application of welding 
to inland floating structures, it was only natural that we go “all-out ^ for 
welded construction on cranes, after having built a few experimental units 
early in 1940. The last riveted crane we built was mounted on a floating 
hull of welded construction. This unit was completed during the latter 
part of 1939. Simultaneously, our preliminary designs of all-welded crane 
structures were progressing, and based on estimated savings over actual cost 
records for riveted construction, we ventured forth on the largest crane 
building program in the history of our company. The following comparative 
cost analyses, (See Tables I and II), illustrate the correctness of our judgment. 

Cost Analysis—As indicated, the tabulation, Table I, contains compara- 
tive weight and fabrication data for both welded and riveted designs. The 
weights and direct fabrication hours itemized for the welded design described 
in this paper are taken from actual cost records. For .the riveted design, 
each part of the crane was compared, item for item, with its welded counter¬ 
part, and the various members proportioned so as to give, as nearly, as 
practical with riveted construction, comparable results as to strength, rigidity, 
etc. A net saving in weight of 12 per cent in favor of the welded design 
was established. . 
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TABLE I. Comparative Weight and Fabrication Data 


Crane Part 


Boom Top Chord. 

Boom Bott. Chords. 

Boom Vert. Diag’s. 

Boom Bott. Latl's.. 

Boom Portal...__ 

Misc. Parts and Details. _ 


Total for Boom Struct. Parts.. 


Boom Walk Supports.. 

Sky walk Mesh. 

Pipe Handrail. 


Total for Boom Walk.. 


Cab Frame and Conn's.. 

Cab Sheeting. 

Cab Trolley Beams.. 


Total for Machinery House_ 


Front Portal. 

Rear Blkh'd.. 

Top Chord Bracing.. 

Vert. Trusses. 

Misc. Details.. 


Total for Platform Trusses.. 


Rotating Platform—Main Mtl... 
Rotating Platform—Details and 
Conn’s... 


Total for Rotating Platform.. 


Screw Frame—Main Mtl.. 
Screw Frame—Details.. 


Total for Screw Frame.. 


Gantry—Top Platform.. 
Gantry—Details. 


Total for Gantry Top.. 


Gantry Posts and Bracing.. 
Gantry Posts Details.. 


Total for G’try Posts and Bracing] 


Gantry Walks and Handrail.. 


Hoist Base..... 

Rail Clamp Box__ 

Main Truck Equalizers.. 
Truck Frames.. 


Total for Misc. Items.. 


Total for Crane Structure.. 


| Welded Design 

Riveted Design 

Weight 

Pounds 

Direct 

Fabrication Hours 

Weight 

Pounds 

Direct 

Fabrication Hours 

Per 

100 lbs. 

Total 

Per 

100 lbs. 

Total 

5,200 

10,900 

7,600 

2,800 

5,200 

12,728 



6,100 

10,900 

8,000 

3,000 

5,200 

17,500 


j 

44,428 

2.17 

965 

50,700 

2.35 

1,190 

1,809 

800 

700 



2,400 

800 

700 



3,309 

1.94 

64 

3,900 

1.93 

75 

5,398 

15,439 

1,356 



8,200 

15,800 

1,500 



22,193 

1.85 

412 

25,500 

2 TO 

535 

4,770 

7,740 

1,660 

6,150 

3,710 



5,000 

8,400 

1,800 

6,500 

8,500 



24,030 

1.73 

450 

30,200 

1.90 

575 

37,825 

4,563 



39,000 

8,000 



42,388 

.95 

402 

47,000 

J 

1.15 

540 

22,000 

2,444 



23,000 

5,000 



24,444 

2.00 

488 

28,000 

2.25 

630 

31,942 

4,000 



34,000 

6,000 



35,942 

1.06 

383 

40,000 

1.20 

480 

48,073 

6,400 



50,000 

9,000 



54,473 

1-25 

683 

59,000 

1.35 

800 

7,194 

2.16 

155 

8,000 

2.25 

180 

6,373 

5.570 
10,651 

9.570 

1.47 

2.64 

1.26 

2.15 

94 

147 

134 

206 

7,200 

6,300 

12,000 

11,000 

1.75 

2.75 
1.50 

. 2.50 

126 

173 

180 

275 

32,164 

1.81 

581 

36,500 

2.06 

754 

290.565 

1.57 

4.583 

32R snn 

1 74 

7<:q 
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TABLE II. Erection Cost Comparison 



Welded Design 

Riveted Design 

Part 




Hrs. 




Hrs. 


Operation 

Hrs. 

Wt. 

per 

Operation 

Hrs. 

Wt. 

per 




Tons 

Ton 



Tons 

Ton 


Scaffold— 




Scaffolf— 





Erect and 




Erect and 





Dismantle.— 

56 


•50 

Dismantle.,.. 

70 


.57 

to 

Assemble and 




Assemble and 




p 

Erect. 

377 


3.37 

Erect 

420 


3.40 

o 

Bolt.. 

50 


.45 

Bolt, Ream, Riv. 


its 

Chip and Grind.... 

14 


.12 

(3700 Field Rivs.) 

920 


7.42 

O 

Fit and Tack. 

196 


1.75 






Weld. 

425 


3.80 






Total..... 

1118 

111.3 

9.99 

Total 

1410 

123.8 

11.39 









Assemble and 




Assemble and 





Erect.. 

| 175 


7.32 

Erect. 

195 


7.00 

Boom 

Fit, Tack and 



Bolt, Ream, Riv. 




Weld. 

129 


5.40 

(540 Rivs.) 

163 


5.86 


Total. 

I 304 

23.9 

12.72 

Total... 

358 

27.8 

12.86 


Assemble and 




Assemble and 




Mach. 

Erect. 

255 


23.0 

Erect... 

280 


21.9 

House 

Fit and Tack. 

141 


12.7 

Bolt, Ream, Riv. 





Weld. 

105 


9-5 

(123O->^"0 Rivs.) 

283 


22.1 


Total. 

501 

11.1 

45.2 

Total. 

563 

12.8 

44.0 











Grand Total. 

1923 

146.3 

13.2 

Grand Total. 

2331 

164.4 

14.1 


Summary 


Item 

1 Riveted 
Con^ 
struction 

Welded 

Con¬ 

struction 

Saving 

Rivet' 

Welded 

Rate 

in 

Dollars 

Saving 

in 

| Dollars 

Per cent 
Saving 

Material—W eight. 

328,800 

290,565 

38,235 

$2.20 

$ 800.00 

12% 

Fabrication Hours. 

(Direct Labor) 

5,759 

4,583 

1,176 

1.80 

1,940.00 

83.5% 

Erection Hours. 

(Direct Labor) 

Total for Crane. 

2,331 

1,923 

408 

2.75 

1,100.00 

....$3,840.00 

21% 


3,840 

Saving per Ton of Welded Construction -- = $26.30 

146 

The direct fabrication labor hours for the various riveted items were 
obtained from unit cost records of previously constructed riveted cranes. 
A comparison of the total fabrication hours indicates a net saving of 2 3Vi 
per cent in favor of the welded design. 

Similarly comparative erection costs are tabulated. Table II, resulting 
in an additional saving of 21 per cent of the direct labor hours. A summary 
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of the results are also tabulated, indicating a gross saving of $3,840 per 
crane or an average saving of $26.30 per ton of welded crane construction. The 
labor rates used for both shop and held are average and include both direct 
and burden charges. 

During two years we actually built a total of 63 all-welded revolving 
cranes, with capacities ranging from ten tons at 5 5-feet radius to 84-tons 
at 104-feet radius, and rail circles varying from 14-feet to 3 7-feet in diameter. 
The weight of these units totaled 7,524-tons of welded construction, which 
at the established rate of $26.30 per ton, amounts to a net saving of nearly 
$200,000 or an annual saving of $100,000. 

While exact statistics are not available for the total tonnage of revolving 
crane structures in the entire industry, it is conservatively estimated that 
the annual weight would approximate 35,000-tons. Accordingly, a saving 
of nearly one million dollars annually would accrue if welded construction 
were generally adopted by the industry. 

In addition to the economic advantages demonstrated above, indirect 
savings resulting from the lighter weight welded crane structures are ap¬ 
parent. Both travel and swinging motions will require less energy for 
operating their respective mechanisms, and foundations can be made lighter 
due to wheel load reductions. The extremely high degree of rigidity attained 
in the integrally welded parts promotes smoother performance for all of the 
various crane functions, and increased service life can be confidently assumed. 
These indirect benefits will be of substantial value to those desiring to 
reduce material handling costs. 

In conclusion, the writer wishes to emphasise the fact that there has 
been a general tendency on the part of designers of this type of equipment 
to hesitate in applying welding to these structures because of the dynamic 
loading and stresses involved. We sincerely hope that the many features 
of welded design and construction submitted in this paper, together with 
the accomplishments typified by the numerous installations over the past 
two years, will encourage others to develop similar applications. As a fitting 
closure we submit a “close-up” of the subject crane, Fig. 3 5, amplifying 
many of its features. A tribute to ^welding progress, this rugged modern 
ship-building crane stands silhouetted against the sky, a symbol of a deter¬ 
mined effort on the part of American crane designers and builders to supply 
the shipyards of our country with better erection equipment, which will 
expedite their program for the “bridge of ships.” 



Chapter IX—Welded Design of Tapered-Tube Booms for Cargo 

Ships 


By William G. Gerstacker 

Development Engineer, Union Metal Manufacturing Co., Canton , Ohio 


Subject Matter: Booms of uniform cross section are unnecessarily 
heavy towards the extremities in order that they may have sufE- 
cient strength at the center of their length. Thus, there is an 
advantage in the proper proportioning of the boom regarded as 
a column with central load. A double telescopic arrangement 
of tubes having the ends of the larger elements swayed down to 
fit the smaller (to which they are welded) may be employed; 
or, alternatively two searmwelded tapering sections may be 
fabricated from plate and welded into a central splicing section 
on sleeve. Material, labor and overhead charges are all lower 
than in the case of the pipe boom of uniform diameter. 

William G. Gerstacker 



The present conventional design of booms for cargo ships consists of 
either three or five sections of two or three sizes, respectively, of standard 
I.P.S. or large outside diameter tubing. The tubes are swaged together 
with overlapped joints, the largest size tube forming the center section and 
the smallest sizes forming the end sections. The booms are generally sym¬ 
metrical. In Fig. 1 are illustrated typical pipe booms and their joints. 

This paper proposes the substitution of tapered-tube booms for pipe 
booms since it is possible to fabricate tapered-tube booms which have 
several design features which are superior. 

The design of tapered-tube booms for cargo ships consists of two sec¬ 
tions of tapered-tubing formed from steel plate. The large-diameter ends 
of the sections are butt welded together and a collar, formed of steel plate, 
is welded over the joint. The booms are not necessarily symmetrical. In 
Fig. 2 is illustrated a typical tapered-tube boom and its joint. 

The booms are fastened to the cargo ship generally at an angle of 25 
or 35 degrees with the horizontal. The outer end of the boom is supported 
by cables which, in turn, are supported from a vertical member known 
as the mast. This mast is rigidly fastened to the ship and may support 
several booms through boom-to-mast cables. The cables are operated through 
a winch so that the angle of the boom with the horizontal may be altered. 

The cargo is picked up with a block-and-tackle arrangement which is 
supported from an end fitting on the outer end of the boom. The end of 
the cable passes longitudinally along the boom to the pivot end of the boom, 
thence over a pulley, and to another winch. Operation of this winch will 
lower or raise the cargo. 

Two other block-and-tackle arrangements are fastened to the end fitting 
and supported from the boat. These are hand-operated and allow the boom 
to rotate about its pivot, thus permitting a cargo which has been raised 
from the dock to be revolved to a place over the hatch of the ship. 

Principle of the Tapered-Tube Design —When the cargo is applied to 
the rigging arrangement, the boom becomes a compression column. A 
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column of uniform cross section will always fail at the center because 
the lateral deflections due to the end load are greatest at the center, thus 
producing the maximum bending moment and bending stress at the center. 
The bending stresses decrease as the distances from the center of the column 
increase since the lateral deflections are smaller. Thus a column of constant 
cross section designed for a safe working stress at the center will have 
unnecessarily conservative stresses at all other points. 

The tapered-tube boom is designed to give as nearly as possible a uniform 
stress distribution throughout the length of the boom by using a suitable 
center diameter, material gage and taper. Thus, as the bending moments 
decrease away from the center of the boom, the cross section of the boom 
also decreases in nearly the same proportion, resulting in very nearly con¬ 
stant stresses throughout the length of the boom. 

The pipe boom is designed according to the principles just mentioned 
by using sections of variable cross section. However, due to the cost of 
making swaged joints, only two or three sizes of pipe are economical to use 
in making the boom. Thus the stress in the smaller size pipe at a swaged 
joint and the stress at the center of the pipe boom are critical stress points. 
All other points on the length of the pipe boom have conservative stresses. 
Therefore, a pipe boom must necessarily be heavier to carry the same loads 
that a tapered-tube boom will carry since there is unnecessary material along 
the greater length of the pipe boom. 

Fabrication of a Pipe Boom—The necessary lengths of pipe for the 
various sections of the pipe boom are cut to length from random pipe lengths 
of approximately 20- to 40-feet. Next, the ends of pipe to be swaged to 
smaller sections are heated to a dark straw color which is a sufficient tempera¬ 
ture to permit a closely swaged joint. Drop forging presses are then used 
to perform the actual swaging operation. The circumferential weld is added 
after the joint has cooled, (See Fig. 1 for details). 

Fabrication of a Tapered-Tube Boom—A sheet whose width is equal 
to the sum of the large circumference and the small circumference of the 
tapered-tube and whose length is equal to the length of one-half boom, 
is purchased. The sheet is laid out and sheared lengthwise into two equal 
trapezoids on a power-driven roll shear. Each of these blanks is used for 
fabricating a tapered-tube. 

Next, each sheared sheet passes to the former. Here the sheet is clamped 
in position after which two, motor-driven, eccentric forming arms form 
the tube over a tapered mandrel to the shape of the final tapered-tube. 

Now the formed tapered-tube is taken to an automatic welder which 
welds the longitudinal seam. This machine is operated by a variable-speed, 
reduction drive which pulls the tube longitudinally past the welding arc. 
Since the former makes a very accurate joint, no welding rod is necessary. 
The arc heat fuses the metal together from each side of the longitudinal 
seam without resulting in undercutting. An autogenizcr flux is fed auto¬ 
matically to protect the weld from the ambient atmosphere. 

Following this welding operation it is necessary to handweld the starting 
and finishing ends of the longitudinal seam. 

Next, the tube goes to the cold-rolling machine. Here it is slipped over 
a tapered mandrel and cold-rolled by hydraulically-operated, radial rolls 
past which the tube must go. This cold-rolling increases the yield point 
of the steel from 28,000 to 48,000 minimum pounds per square inch. The 
ultimate strength of the steel is increased from 50,000 to 60,000 minimum 
pounds per square inch. 
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Fig. 1. Typical pipe booms and their joints. 

Next, two of these finished tubes are placed with their large diameters 
together with a chill strip inside and fused by a hand-made circumferential 
weld. The weld is ground smooth and a rolled sleeve slipped over this 
assembly and held in place by circumferential fillet welds, (See Fig. 2 for 
details). 

Fabrication Costs of Pipe Booms—No data are available on the manu¬ 
facturing costs of pipe booms since they are manufactured by competitors. 
However, fairly accurate estimates should be possible by analysing the 
operations. The following labor is estimated for fabricating the 5-ton pipe 
boom shown in the calculations in quantities of 100. 


No. of 
Men 


Layout, torch cut to length. 1 

Remove from furnace with crane, place section 
in proper location over smaller section in forge 
and swage . 3 

Circumferential tack joints. 1 

Circumferential weld joints. 1 

Inspect. 1 


Total direct labor in man minutes. 
Grade of labor required—Fair. 


Time per Section Man 
or Joint Minutes 


8 min. per section 24 

3 sections 

20 min. per joint 120 

2 joints 

4 min. per joint 8 

2 joints 

15 min. per joint 30 

2 joints 

8 min. 8 


190 


Fabrication Costs of Tapered-Tube Booms—The following labor is 
-estimated for fabricating the 5-ton tapered-tube boom shown in the cal¬ 
culation in quantities of 100. The estimates are based on actual experience 
in fabricating booms and other tapered-tube sections and are therefore ac¬ 
curate. These labor hours are representative of the first tapered-tube booms 
produced as well as future tapered-tube booms. 
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Burden Costs of Fabricating Pipe and Tapered-Tube Booms—Again no 
figures are available on the overhead costs in manufacturing pipe booms. 
Suffice to say, the overhead on the automatic machines cannot run over 
a fraction of the cost of operating the drop forge while at the same time 
operating and supplying fuel for the furnaces necessary to heat the pipe section 
ends for swaging. 

Material Costs of Pipe and Tapered-Tube Booms—No definite price 
schedule is set up on the price of pipe and large outside diameter tubing 
in large quantities. However, from what information the writer was able 
to gather, its price varies from 3 x /2 to 4 cents per pound in quantities suf¬ 
ficient for one hundred 5-ton pipe booms. Since the pipe boom weighs 
1950 pounds, the material cost at 3 x /2 cents per pound will be $68.25. Add¬ 
ing in 10 per cent scrap loss in cutting from random lengths, the material 
cost becomes $75.07. 

The tapered-tube boom uses plates which, in the quantity desired, will 
cost base price of $2.10 per 100-pounds. Since the tapered-tube boom 
weighs 1628-pounds, the material cost at 2.1 cents per pound will be 
$34.19. No scrap loss will occur. 



Fig. 2. Typical tapered boom and its Joint. 
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proportionate Cost Savings on 5-Ton Tapered-Tube Boom Over Pipe Boom 


Material cost savings 

Labor savings 
Burden savings 


75-07—34.19 

75-07 

190 —186.2 
190 


54% 

= 2% (Estimated) 


50% or more (Estimated) 


Proportionate Cost Savings on All Tapered-Tube Booms Over Pipe Booms 

Material cost savings = 50% 

Labor savings = 5 to 10% (Estimated) 

Burden savings = 50% or more (Estimated) 


Estimate Total Annual Gross Cost Savings Accruing from the Use of 
Tapered-Tube Booms Instead of Pipe Booms—According to "Marine En- 
gineering and Shipping Review*” for April, 1942, page 228, ■ there are 
scheduled for completion in 1942 and 1943, 1478 EC2 "Liberty^type cargo 
ships in addition to some 5 00 other oceangoing cargo ships. All indications 
are that these schedules are being met or bettered. Each of these ships has 
anywhere from 10 to 14 cargo booms varying in capacity from 5 to 50 tons. 
Therefore, there will be approximately 1000 cargo ships averaging 12 booms 
per ship or a total of 12,000 booms needed in the next fiscal year. 

At least 90 per cent of the recommended pipe booms can be replaced 
by tapered-tube booms showing material cost savings in proportion to their 
tonnage. The material savings on the 5-ton boom amounts to $40.88 so it 
should be very conservative to say that an average material saving of $60.00 
per boom should result. If we manufacture 10,800 of these booms which 
would represent only a small fraction of our capacity, the savings in material 
cost would be at least $648,000 per year. Add to this the appreciable labor 
and burden savings, particularly on the replaced five-section pipe booms 
which require four swaged joints, and the annual savings should run well 
over $800,000 per year. 

Comparative Advantages of Tapered-Tube Booms Over Pipe Booms-— 
1, They are stronger. In all cases they are designed to have a higher 
factor of safety based on yield point stress. The service life is thus 
increased since the tapered-tube boom is able to absorb larger shocks than 
the pipe boom. Failures do occasionally occur in pipe booms in testing 
or operation on cargo ships because of shock overloads. 2, They are cheaper. 
3, They weigh less. The weight saved may be replaced with additional cargo, 
thus resulting in more tonnage per trip. 4, They may be purchased with better 
delivery schedules in emergencies. Stock warehouse sheets may be purchased 
and sheared to the required sise whereas the probability of obtaining large 
outside diameter pipe in the required sries and quantities is not good. 



Chapter X—Experimental 7l/ 2 -Ton Refrigeration Plant 

By Wayne Buerer 

Assistant Professor, Mechanical Engineering, Mechanical Engineering Laboratory , 
0\lahoma Agricultural and Mechanical College, Stillwater, Oklahoma 



Subject Matter: A plant for use in a college laboratory is 
provided with arrangements, such as thermometer wells, for 
measuring quantities which affect its operation. Arc welding was 
used for the greater part of the ammonia piping system. Instead 
of using elbows, the pipe was heated and bent to about 10-inch 
radius. The cost of this piping system was $51. The cost using 
usual methods with pipe threading would be $70, the saving 
being 27%. 


Wayne Buerer 


This refrigeration plant is experimental in that it is provided with devices 
for measuring all of the quantities which affect its operation and students 
can make experimental tests on it. The plant is not operated continuously 
but is used for student instruction at times when its operation will bear 
out some principle which is being studied in the refrigeration theory courses. 
The plant, therefore, stands idle part of the time, but is ready to operate 
whenever it is needed. 

One of the essential requirements of this type of operation is that the 
ammonia piping system should remain perfectly gas-tight with very little care 
or inspection. This requirement was met by bending all the ammonia pipes 
to fit in their respective places and then arc welding them in place. All 
screw fittings were eliminated except the valves to control the flow of the 
ammonia and the screw connections into the various pieces of apparatus. 
By this means it was possible to reduce the number of points at which leaks 
could occur to a minimum and at the same time the easy bends and welds 
give the whole plant a rather pleasing appearance. 

When the installation was completed, it was checked for leaks with air 
pressure and was found to be air-tight. It was then filled with ammonia 
and after several months no ammonia has been lost from the system showing 
that it is still perfectly tight. 

It is the belief of the writer that the methods which were used in the 
installation of this refrigeration plant are a great deal simpler than the old 
method of cutting and threading the pipe and using screw fittings. And the 
piping is a single unit, except for the control valves and the connections 
to the equipment. Although no repairs to the piping have, as yet, been 
necessary, repairs can be very easily made by pumping the ammonia out 
of the section where the repairs are to be made, cutting out the pipe, bend¬ 
ing a new piece to fit and welding it into place. Additions to the piping 
can be made at any time by the same method. There is no need to unscrew 
a lot of fittings to get at the desired piece of pipe. 

Fig. 1 shows a schematic diagram of the piping. There are three systems 
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of piping shown in the drawing: (1), the steel pipes for the refrigerant shown 
by double or solid lines; (2), the pipes for supplying and measuring the 
ammonia condenser cooling water, shown by long dashes; (3), the brine 
circulating system, shown by short dashes. This paper deals largely with 
the first system because it is the only one in which welding was used to 
replace the screw fittings. The other two systems use galvanised pipe which 
is not so suitable for this kind of treatment. 

Starting at the ammonia compressor the gaseous refrigerant is com' 
pressed to a pressure of approximately 150-pounds per square inch. The 
compression warms the gas and at the same time oil from the co m pressor 
is apt to be picked up so the gas is passed through a device for separating 
the oil. The gas then passes into the condenser where it is cooled and con¬ 
densed to liquid ammonia. The liquid settles to the bottom of the condenser 
and flows into the ammonia receiver where it is stored until needed. A pipe 
leading from the bottom of the receiver draws off the liquid ammonia and 
it is led to an expansion valve where its pressure is lowered as it expands 
into the brine cooler. Heat from the brine evaporates the ammonia and 
the vapor is drawn off by the compressor to start the gases through the 
cycle again. 

The heat which is given up by the ammonia when it condenses is taken 
up by water which is circulating in the tubes of the ammonia condenser. 
This water, which is supplied from the city water mains, passes through 
the condenser tubes due to the city water pressure and is discharged into 
either of two 4- x 4- x 4-foot tanks to be measured volumetrically. Drainage 
from these tanks is allowed to run to waste. 

The brine is stored in a galvanised tank 4- x 4- x 8-feet and is drawn off 




Fig. 1 # (left). Schematic diagram of piping. Fig. 2, (right). Frame to support the 

water-measuring tanks. 
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by a centrifugal pump which discharges into the tubes of the brine cooler. 
In the brine cooler the ammonia absorbs heat from the brine, cooling it to 
the lowest temperature in the system. Since the whole plant is for expern 
mental purposes there are times when no ice is being made and at such 
times it is necessary to heat the brine in the brine heater shown in Fig. 1. 
When the brine leaves the brine cooler it passes through the tubes of the 
brine heater and from there it goes to either of two 4- x 4' x 4'foot tanks 
for volumetric measurement. Drainage from these tanks is returned to the 
4' x 4' x 8'foot storage tank. 

In order to conserve the floor space and to obtain a more compact 
unit the 4- x 4' x 4'foot measuring tanks were installed on a deck 7'feet 
1 Oinches above the floor level of the other equipment. The deck was 
supported on a framework of lOinch channel irons shown in Fig. 2. The 
various pieces were cut from standard stock channel iron and were fab' 
ricated entirely by electric welding. The two longerons and the six legs 
were cut to the proper lengths. The legs were then placed back to back 
against the longerons as shown in Fig. 3. Clamps were placed so as to 
hold them steady and they were adjusted in position till they were correctly 
located and were perfectly square with the longerons. Tack welds were 
made at each of the corners, then beads were run clear around to secure 
a very strong and sturdy joint. In order to properly align the cross'members 
between the longerons, the structure was assembled in an upside down 
position. The longerons were placed on the floor with the legs in a vertical 
position. Temporary supports were provided to keep the structure square 
and in proper alignment. Blocks were placed under the longerons so that 
they were parallel. The cross'members were then put into place and tacked, 
one after the other till all five were in place. Beads were then run along 
the corners and filled till the proper strength was obtained. 

The structure was then turned right side up, located in the proper 
position on the floor and concrete was poured around the bottom of the 
legs to hold them in place. Although no triangular bracing was placed 
in the structure there is very little swaying showing that this type of con' 
struction is strong and rigid. The wooden deck, on top of the structure 
to support the measuring tanks, was not put in place till after the equipment 
had been installed on the main floor. 

The main floor plan of the refrigeration equipment is shown in Fig. 4. 
The equipment is placed so as to simplify the piping as much as possible. 
In most cases the pipes come out of one piece of equipment and connect 
directly into another piece. 

A gas'fired forge, shown in Fig. 5, was made to heat the ammonia 
pipes for bending. These pipes were y 2 'inch and onednch extra heavy 
weight and could not be bent without heating. A table, having a firebreak 
top, was built of angle iron and pipe using electric welding throughout. 
An upright was placed at one corner of the table to support the burner: 
The burner was constructed as shown in the detail on Fig. 5. The burner 
is a simple mixing device for natural gas and air from compressed air tanks 

a compressor. The gas and air were supplied to the burner through 
rubber hoses so that the forge could be moved from place to place. Loose 
fire bricks were placed upon the table about the piece to be heated so as to 
form a furnace and retain the heat. By simply shifting the bricks it was 
possible to build up a furnace to heat pieces of a large variety of shapes. 
After a few minutes of pre-heating the bricks, the forge would heat a piece 
of pipe in just a few minutes to a cherry red, this being the correct 
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temperature for bending Measurements showed that the flame and furnace 
temperatures were around 1700 to 1900° F. 

In order to handle the fire bricks on the forge it was necessary to make 
a special pair of tongs as shown in Fig. 7. The parts of the tongs were cut 
to size, bent to the proper shape and electrically welded together 

Various schemes for bending the pipe were tried and the most successful 
one was to heat the part of the pipe which was to be bent. The pipe was 
then removed from the forge and gripped with two bending irons as shown 
in Fig. 6, being careful to grip the pipe far enough away from the heated 
portion so that the bending irons would not dent the hot pipe. Pressure 
from the hands of the workman on the bending irons resulted in a clean 
bend of approximately 10-inch radius and it was a simple matter to secure 
any desired degree of bend. No difficulty with kinking the pipe was experi¬ 
enced although that is the first thing an inexperienced person would expect 

Whenever it was possible to do so the exact shape of the pipes was 
determined by measurements of the position of one piece of equipment 
with respect to the other. Full scale sketches were then made on the con¬ 
crete floor with chalk. The heated pipe was placed over the sketch and 
could be bent to the required shape with little difficulty. The pipe was 
then tried in place and any slight changes in shape could be made before 
the piece had completely cooled. Any large amount of bending always 
required re-heating. 

To the uninitiated it might seem that with this method of bending the 
pipes it would be hard to secure a good fit but the writer had never bent a 
pipe before the job was started, yet it was surprising how easily the pipes 
could be made to fit into place, and line up and give a pleasing appearance. 

Whenever the openings in the equipment were provided with screw 



Fig. 3, (left). Details of welding frame joints. Fig. 4, (right). Floor plan. 
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connections it was necessary to make short pieces of pipe with threads on 
one end and bevel them for welding on the other. These stubs were made 
long enough so that the heat from the weld would not loosen the threads. 
The threads were coated with a rather thin mixture of litharge and glycerine 
and were screwed into place. The pipes were cut off square and then beveled 
in order to secure good penetration for the weld. Fig. 8 shows the cross 
section of a weld. The best results were obtained by running a small bead 
with plenty of heat all the way around in the bottom of the groove. The 
groove was then filled using a moderate amount of heat, running a good 
bead clear across the groove. Extreme care was necessary to make sure 
the welding puddle did not cool at the edges between traverses of the 
welding rod across the groove. Any appreciable cooling was almost sure 
to result in pinhole leaks. It was necessary to start a new puddle about two 
ridges back from the end any time that the arc was discontinued. Also, at 
the end of the weld, after the pipe had been completely encircled, it was 
necessary to lap over the first part of the weld a little, being careful to have 
a good full puddle before the arc was broken off. 

Whenever it was possible to do so each weld was tested with air pressure 
as soon as it had cooled, to determine whether any leaks were present. 
Whenever pin-holes were found a round nose chisel was used to gouge 
out the pin hole. The hole was then filled with a good hot bead and little 
difficulty was encountered in stopping the few pin-holes that were found. 

In order to measure the temperature of the ammonia at various places 
in the system it was necessary to make thermometer wells and weld them 
in the piping. Fig. 9 shows the two kinds of wells which were used, one for 
a horizontal location and the other for a vertical location. The procedure 
in making the wells was to thread the pieces of quarter-inch pipe and cut 
them off about 4-inches long. The unthreaded end was heated in the gas 
fired forge and peened over till it was nearly closed. The hole was closed 
with a small weld. The piece was then tested for leaks with air pressure. 
The body was then cut to length, heated and peened over. The quarter inch 
pipe was welded into one end of the body and the other end of the body 
was welded shut. A hole was cut in one side of the body and one of the 
stub pipes shown in Fig. 8, was welded into place. The stub was then 
screwed into an air pressure connection to test the body for leaks. A thin 
solution of soap and water was used to show up any pin holes. When the 
body was shown to be tight a hole was cut on the opposite side of the body, 
exactly in line with the stub pipe; then the stub pipe was screwed into an 
outlet and the pipe line could be welded into the hole. By testing each weld 
before the next piece was applied it was possible to eliminate any chance 
for leaks in the finished thermometer wells. 

Comparison of Cost—In order to compare the cost of welded construc¬ 
tion with other methods of fabrication, standard construction practice was 
resorted to whenever practicable. For instance, standard refrigeration screw 
fittings could have been used in place of bending the pipes and welding 
them. Also, in the case of the steel structure to support the tanks on the 
upper deck, fabrication could have been accomplished with various sorts 
of splices which could have been bolted into place. 

The cost of welding was figured from data in “Procedure Handbook 
of Arc Whlding Design and Practice.’ 1 In some cases it was necessary to 
make approximations because there was no data on the exact type of weld 
which was being made. In each case, a comparative method is discussed 
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Fig. 5, (left). The gas-fired, forge. Fig. 6. (right above). Pipe bending iron; Fig. 1 , (right 
below). Tongs for handling loose brick. 

drawing largely from the experience of the author in the estimation of the 
time required to do the various operations required. 

In order to estimate the cost of welds made manually with a shielded 
arc the following assumptions are made: 

Labor .$0.75 per hour 

Power ..$0.02 per Kw. Hr. 

Electrodes .$0,095 per lb. 

Efficiency of machine.50% 

Cost of Fabricating the Steel Frame to Support the Water Measuring 
Tanks—In Fig. 3 the detail of a welded corner of the steel structure is 
shown. In order to fabricate this corner by means of bolts, instead of welding 
it would be necessary to drill holes through the web of the leg and through 
the web of the longeron and bolts could have been inserted in the holes to 
hold the pieces together. More holes could have been drilled through the 
flange of the leg and through the web of the cross-member using more 
bolts. Referring to Fig. 2 it is seen that six joints could have been made by 
this means. The two remaining cross-members could have been bolted into 
place using pieces of angle iron in the corners. 

The purpose of the frame was to support the tanks for volumetrically 
measuring the condenser cooling water and the brine. The measuring was 
done in four tanks 4- x 4- x 4-feet and two of the tanks were placed at either 
end of the frame so as to be supported by the end cross-member and the 
the one next to the end, each member supporting half of the weight. A floor 
of 2dnch x 6-inch lumber was built on top of the frame and the tanks 
rested on the floor. In order to estimate the strength required at each joint 
it must be assumed that there would be times when all four tanks would 
be full of water at the same time and the joints would have to be made 
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strong enough to support this weight with an allowable degree of safety. 
The volume of water in the two tanks at either end is 4x4x4x2 = 128' 
cubic feet. Water weighs approximately 62.4 pounds per cubic foot and 
this would be 128 x 62.4 = 7990-pounds or roughly 8000-pounds. The 
tanks were made of J^-inch thick steel plate and weighed 720-pounds each, 
or 1440-pounds on each end of the steel frame. The total weight of the 
floor was 840-pounds and this weight was approximately the same on each 
of the five cross-members or 168-pounds on each. The American Standard 
channel iron from which the structure was made weighed 15.3-pounds per 
foot and this makes the weight of the 9-foot cross-members 137-pounds and 
the 18-foot longerons 274-pounds. The weights which each cross-member 


would have to support is shown in the following table: 

The two end cross-members: 

Weight of water.-----.4000 lbs. 

Weight of tanks. 720 lbs. 

Weight of floor. 168 tbs. 

Weight of cross-member-- 137 lbs. 

Total .5025 lbs. 

Or roughly.5000 lbs. 

The two cross-members next to the ends support the same amount. 
The middle cross-member would support: 

Weight of floor. 168 lbs. 

Weight of cross-member. 137 lbs. 

Total .-... 305 lbs. 


The two end cross-members are supported by the two end legs and 
using a safety factor of 6 and remembering that each leg would take half 
the weight, the force to be transmitted by the bolts is: 

Total force = - X^50Q0 _ __ j^qqq 

The allowable shearing stress of bolts is approximately 9000 pounds per 
square inch and the total area required for the bolts is: 

7-[-\ i 15,000 

Total bolt area =— — ^ -= 1.66 sq. in. 

The area of a %-inch bolt is .441-square inches and four bolts would 
have an area of 1.766-square inches which is a slight error on the side 
of safety. 

In like manner it can be shown that the number of bolts required for 


the various joints would be: 

End cross members to the legs.. 16 

Next to end cross-members to longerons. 32 

Middle cross-member to middle legs.... 4 

Longerons to end legs...... 8 

Longerons to middle legs... 12 

Total number of bolts....... 72 

The bolt size, is...X lVrinches. 

Cost of 72 bolts X ly^dnches.....$ 7.88 

Cost of 72 lock washers size %-inch... 4.61 

Total cost of bolts.....$12,49 
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In order to insert the bolts it would be necessary to drill holes in the 
various pieces. Assuming a drill press to be available the various pieces 
would have to be moved up to the drill press and set into place for drilling. 
This work is assumed to be about equal to that which was required to set 
the pieces in proper alignment for welding so that this part of the cost of 
one method about offsets the cost of the other method and need not be 

compared. 

The actual cost of drilling the holes can be estimated using twice the 
number of bolts for the number of holes to be drilled because two pieces 
are bolted together with each bolt. Assuming an average of 2 minutes to 
locate and center punch each hole the total time would be: 

l 144 

Center punching time = —-—- = 4.8 hours 

60 

Assuming $0.75 per hour for the labor this is $3.60. The time required for 
drilling the holes can be estimated assuming the cutting speed of structural 
steel to be 100-feet per minute, with a feed of 0.010-inches per revolution 
of the drill. The circumference of a %-inch hole is 2.36-inches and to get 
a cutting speed of 100-feet per minute a drill speed of 510 revolutions per 
minute would be required. With a feed of 0.010-inches per turn the drill 
would advance 5.lunches per minute. The average thickness of the metal 
to be drilled is Xrinch and if another JX'inch is allowed for the depth 
the point of the drill would have to advance before it cuts a full 
diameter of the hole this would give V^dnch of drill travel per hole. The 
total drill travel would be l / 2 ' X 144- = 72-inches. And the time required 
would be 72 5.1 = 14.12 minutes. Assuming $0.75 per hour for the 

labor of the drill press operator this would be (14.12 X 0.75) -4- 60 = $0.18. 
This assumes no wear and tear on the drill press, breakage of drills, power 
cost, etc. 

After drilling the holes it would be necessary to assemble the frame. This 
would likely require two men. Assuming 10 minutes per bolt for aligning 
the holes, and inserting and tightening the bolts this would be (10 X 72) 
- 4-60 = 12 hours. Assuming each operator receives $0.75 per hour this 
would be 2 X 0.75 X 12 = $18.00. 

The total cost of bolting the frame together can be summarised thus: 


72—%-inch X lJXdnch Machine Bolts..$ 7.88 

72—%-inch Lock Washers____ 4.61 

Cost of centerpunching 144 holes.... 3.60 

Cost of drilling 144—%-inch holes... 0.18 

Cost of inserting and tightening bolts. 18.00 

Total cost.$34.27 


Referring again to Fig. 3 it can be seen that the length of weld necessary 
in each corner is four times the depth of the channel iron plus four times 
the width of the flange or 

4X10 = 40.0 

4 X 2.625 = 10.5 

50.5 -inches 

All six legs were joined to the frame by means of the same kind of a weld 
making a total of 50.5- X 6- = 303-inches of weld. The two cross-members 
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ri P»t>e woldei slut ai t He 

( low«r c«di to for*w iUt. 

J -thtr mcneter* well 



. . . . Well 

far a horizontal outlet 


-Thread stub 


tna.de of I "pipe 


Dei ail of Ther mome ter Wells 
Fig. 8, (above). Cross section of welded end bend; Fig. 9, 


^ L-SUe outlet 

^/-Threaded Stub 

Thermometer Veil 
for a v«vtiCA.i outlet 


(below). Detail of thermometer 


303 -f- 61 

’ 22 = 30.33"feet. 

The welds were similar to those described in the “Pmcerl..^ w ju ,.. 
covering lap and fillet welds, vertical position ed th/fo^l H ^dboofc 

was obtained from that source: P d th followIn g information 

Joint ... 1 / - , 

Passes - / 4 'in. plate 

Electrode sise. \, . 

Current .. ... / 32 "in. 

Minimum Volts.___ . amp. 

Welding speed, ft./hr _~. 

Lb. of electrode per ft. of wdd ~~ /i 
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THe actual cost of welding the steel structure can be estimated thus: 


Labor = .75 -4- 18 = ...04166 

Power = (130 X 25 X .02) ~ (.5 X 70 X 1000) = .00186 
Electrodes = .23 X -095 = .02185 

Total cost per foot. $.06537 


Since there is 30.33-feet of weld the total actual cost of welding was 30.33 
X .06537 = $1.98. This cost is based on actual welding time only, no time 
being allowed for fatigue of the operator, changing of electrodes, fit-up, etc. 
Omitting the fit-up the other factors can be assumed to increase the cost 
by about four times making the actual cost $7.92. It was assumed under 
the holt construction that the fit-up time for welding was approximately 
equal to the handling time for drilling and assembling so this part of the 
cost need not be considered. 

Cost of Assembling the Ammonia Pipes—In Fig. 1 a simplified schematic 
diagram of piping is shown. The ammonia piping is the only part of the 
system which was assembled by bending and welding and this part will be 
compared with assembly by means of screwed fittings. 

A count of the various bends and connections which were actually made 
showed that the following pieces would be required if they were made up 
by means of screw fittings: 


For 1-Inch. Pipe For ']/ 2 'Inch Pipe 

Number Cost Number Cost 


Tee. 9 $4.86 4 $1.64 

Elbow. 13 4.68 16 4.32 

45° Elbow... 8 3.60 8 2.56 

Union. 3 1.95 7 2.87 

44n. nipple 9 0.90 3 0.21 


Total costs. $15.99 

Total cost of fittings .$15.99 


$11.60 
11.60 = $27.59 


The time required to assemble the pipes and fittings can be estimated, 
determining the time for the various operations. There would be 70 pieces 
of pipe necessary to connect the fittings together. 

Total time 


Determining the location of fitting and measuring the length of 

pipe, 10 min./pipe . 700 min. 

Cutting off the pipe, 2 min ./cut..... 140 min. 

Cutting threads on each end of pipe, 15 min./pipe.1050 min. 

Starting threads and tightening pipe into fittings, 5 min./pipe.... 700 min. 


Total time 


.2590 min. 


To this should be added about Vi of the estimated time for inci¬ 
dentals . 


647 min. 


Total time.3237 min. 

3237 X -75 

At 75 cents per hour this would be: --= $42.00 for labor. 

No valves for controlling the flow of the ammonia is included in this esti¬ 
mate because the same number of valves would be required by either method 
of assembly. 
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In order to assemble the ammonia pipes by bending them to fit and 
welding them into place without screw fittings the time was consumed thus: 

Total time 

Measuring the position of one outlet in relation to the 

outlet to which it was to be connected, 10 outlets.. 10 min./out 100 

Laying out full scale sketches on the floor. 20 min./out 200 

Heating the pipe, 45 bends. 5 min./bnd 225 

Making the bend, 45 bends...- - 2 min./bnd—90 

Trying the pipes in place, 17 pipes......10 min./pipe 170 

Re-bends, heating and bending 23 bends.—- 7 min./bnd 161 

Cutting off pipes, 17 pipes 1 end.-. 2 min./cut—34 

Cutting holes for Tee outlets, 13 Tees, 2 min./Tee-- 26 


Total time.-.1006 min. 

Incidentals to be added i}/^ of total time). 251 

Total time .-..1257 min. 


Cost of bending and fitting pipes at 75 cents per hour for 3 men: 
3 X 1257 X -75 


60 


- = $47.16 


In order to keep the gas fired forged ready for use as it was needed for 
heating the pipes it was kept going continuously. The consumption of 
natural gas was approximately 170-cubic feet per hour at a cost of 40 cents 
per 1000-cubic feet making the cost of the gas: 


1257 X 170 X .40 
60 X 1000 


$1,424. 


The average weld that had to be made on the pipes was a 60-degree V’d 
butt weld and the following information was taken from the '"Procedure 
Handbook: 11 


Kind of joint, l/rin. pipe...........1-in. pipe 

Wall thickness, .147-in.179-in. 

Electrode size, }/§-in.J/s-in. 

Current, amps., 100 .-.110 

Minimum arc volts, 23 .24 

Actual welding speed, ft./hr., 22...........20.5 

Lb. of electrode per ft. of weld, .25.30 


Cost of welding 1 / 2 Anch pipe: 

Labor = .75 -4-* 22 = .03410 

Power = (100 X 23 X .02) -4- (.5 X 22 X 1000) =.00418 

Electrodes = .25 X -095 = ....02375 


Total cost per foot-. 


.$.06203 


There were 19 welds on the l/Xnch pipe making a total length of weld of 
50.16-inches or 4.18-feet. The total cost of these welds was 4.18 X -06203 
= $.259. 
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Cost of welding 1-inch pipe: 

Labor = .75 20.5 =...03658 

Power = (110 X 24 X .02 ) -~ (.5 X 20.5 X 1000) =.00515 

Electrodes = .30 X -095 =.02850 


Total cost per foot.$.07023 


There were 15 welds made on the 1-inch pipe making a total length of weld 
of 53.82 inches or 4.48-feet. The total cost of these welds is 4.48 X .07023 
= $.3146. 

This cost is based on actual welding time only, no time being allowed 
for fatigue of the operator, change of electrodes, fit-up, etc. These factors 
can be assumed to increase the cost of welding by about four times or 4 X 
(.259 + .3146) = $2.39. 

The total cost of assembling the ammonia pipes by bending and welding 


is thus: 

Labor for bending and fitting.$47.16 

Natural gas for the forge. 1.42 

Welding . 2.29 


Total cost.$50.87 


Cost of the Gas-Fired Forge—A coabfired blacksmith’s forge having a 
capacity about equal to that of the gas-fired forge which was built for this 
installation can be purchased for $45.00. 

An alternate method of construction would have been to have made 
the legs of angle iron instead of pipe and to have bolted the legs to the 
angle iron tip. The angle bracing could have been bolted to the legs and 
to the top. Framework could have been built up and bolted into place to 
hold the burner. And the burner could have been built up from standard 
pipe fittings. Cutting the pieces to length for bolted construction would 
probably cost about as much as cutting- the pieces for welding as shown 
in Fig. 5, and need not be compared. Also the cost of material is about 



Fig. 10, (left). Welding in one comer of steel framework. Fig. 11, (right). Bent pipes. 
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the same in either case. The cost of the other items which are comparable 
can be estimated as follows: 

Cost of 26—54-inch X l'inch machine bolts..-.$0.68 

Cost of drilling 52—54'inch holes, at 5 min. per hole for locating, center 

punching, and drilling . 2.60 

Assembling the parts, inserting and tightening bolts.-.75 

Pipe fittings for the burner 

1— V/ 4 'inch. X 1-inch reducer.-...-.15 

1 — lXi-inch X 4-inch nipple.11 

1—lJ4dnch X y 2 'inch X 54'inch reducing Tee.26 

Assembling the burner and getting it to work—.75 


Total cost.$5.30 


The cost of welding on the gas fired forge can be broken down into several 
steps. The table top was made of 1 J^-inch x 1 M'inch x J^-inch angle iron 
welded in each corner. The top was welded together in a flat position and part 
of each weld was flat and part was vertical. At each corner the flat part was 

vT-5 2 + 1-5 2 2.12-inches and the vertical part was 'inches and for 

all four corners the welds were: 

Total vertical = 1.5 X 4 6-inches. 

Total flat = 2.12 X 4 8.48-inches. 


For a vertical butt weld the “Procedure Handbook” the following information 
is given: 

Kind of joint... 

Passes. 

Electrode size ._____ 

Current, amps. 110. 

Minimum arc volts. 25 

Actual welding speed.... l5-ft./hr. 

Lbs. of electrode/foot. .24 


The cost of this kind of a weld per foot is: 

Labor = .75 15 =. 

0 110 X 25 X -02 

Power = — 

.5 X 15 X 1,000 - 

Electrodes = .24 X *095 = . 


.. 05000 

.00733 

__.02280 


Total cost per foot. 


_$0.08013 


Totahcostr of vertical welds on the-table top- -=?_> .08013 == .0400 


For the part of the welds on the table top, which were made in the flat posi¬ 
tion, the “Handbook” gives: 


Kind of joint. 

Passes.... 

Electrode size.. 

Current, amps_ 

Volts... 

Welding speed_ 

Lb. electrode/foot. 


. J^-inch 

_ 1 

.— ^2-inch 
— 130 
— 25 

_____ 17.5^ft./min. J 
. 11 
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The cost of this kind of a weld per foot is: 


Labor = .75 17-5 == .......04280 

130 X 25 X .02 

PoWer = .5 X 17-5 X 1,000 = .-. -00744 

Electrodes = .11 X .095—........01045 


Cost per foot...$0.06069 

Total cost of flat welds on the table top is .06069 X = $0.0428 

Total cost of welds on table top = .040 + .0428 = $0.0828 
Welding 4 legs and 1 upright column of 1 J/^-inch pipe to the angle iron 
top required a total length of weld of 

5 X 1.9 X 3.1416 
-z-r- = 2.49 feet. 


The wall thickness of the pipe may be found from the inside and outside 


diameters: 

Outside diameter....... 1.900 

Inside diameter.. 1.610 


The wall thickness is half of this or .29 -f- 2 = .145 inches. 

The weld which was used in this case was for fillet welds, flat position: 

Kind of joint.—...145'inch pipe on ^-inch plate 

Passes.. 1 


Electrode sise.... 

Current, amps.. 190 

Minimum arc volts. 30 

Actual welding speed, ft./hr. 45 

Lbs. of electrode per foot..155 

The cost of this kind of a weld per foot is: 

Labor = .75 45 = ..01660 


^ 190 X 30 X .02 

PoW " - .5 X 45 X 1,000 ' 
Electrodes = .155 X -095 = 


.00506 

.01472 


Cost per foot.$0.03638 

The total cost for welding the legs and upright to the table top is 
.03638 X 2.49 = $0.0904 

The braces for the legs were JlHnch rod welded to the leg on one end and 
to the angle iron on the other. The circumference of a 3^'inch rod is .5 X 3-1416 
= l-5734nches. Eight rods were used and were welded on both ends making a 
total length of (1-573 X 8 X 2) -f* 12 = 2.10-feet. The table was turned for 
each weld so that the weld was in the flat position. This makes the set-up similar 
to the V°d butt weld flat position, if it is assumed that penetration is half way 
through the rod at all times. This is the same kind of weld as that which was 
used to weld the flat parts of the corners of the table top and cost $0.0609 per 
foot. In this case the total cost of welding the leg braces is: 

0.0609 X 2.10 = $0.1274. 

In order to make the two thumb screws shown in Fig* 5 it was necessary 
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to weld handles on half-inch bolts. The length of the weld on “each was twice 
across the head of a half-inch bolt plus twice the thickness of the handles or: 

2 X .75 + 2 X .1875 == 1.875-inches. 

There are two handles and the total length is : 

(2 X 1.875) -5- 12 = .313-feet. 

The welding procedure is tabulated in the "Handbook" for a %>-inch plate 
and the cos% figures up to $0.03636 per foot. This brings the welding of the 
thumb screws to: 

.. .. .313 X -03636 = $0.01135. 

The fitting to clamp the burner to the support was made by welding two 
half-inch nuts to short pieces of pipe and welding the two pieces of pipe together. 
Total length of. weld is all the way around two H-inch nuts and approximately 
4 inches to weld the two pieces of pipe together or 

2X6X36 + 4 = 5.25 + 4 = 9.25-inches. 

Cost per foot is assumed to be equal to the cost of welding the handles onto 
the bolts for the thumb screws or $0.03636. 

Total cost = (9.25 X .03636) 12 = $0,028. 

The burner was made of various thicknesses of material and the average 
thickness can be assumed to be approximately %-inch and the average weld is 
a fillet weld, fiat position making the cost $0.03636 per foot. The length of the 


weld is: 

Around a 1 3+inch pipe to weld the reducer 

to the pipe = 1.9 X 3.1416 = ..... 5.98-inches 

Around a 1 J^-inch pipe to weld the plate on the 

back end of the burner = 1.9 X 3-1416 = . 5-98-inches 

Two welds around a J+inch pipe for the air 

supply = 2 X -675 X 3-1416 = ..- 4.25-inches 

Welding the bolt for supporting the burner to 

the burner — X 3-1416 = . 1.57-inches 


Total length...17.78-inches 

Total cost of welding = (17.78 X .03636) -h 12 = $0.0538. 

The total cost of all the welding on the gas fired forge can be summarised thus: 

Corners of table top. $0.0828 

Legs and upright column. 0.0904 

Leg braces. 0.1274 

Handles on thumb screws...... 0.0114 

Nuts on fitting and fitting... 0.0280 

Burner... 0.0538 


Total cost of w T elding.$0.3938 

This cost is based on actual welding time only and other factors entering 
into the cost would bring the cost up to: 

Welding cost ...........$0.3938 

Labor and incidentals .... 3.0000 


Total cost of the forge...$ 3.39. 


Fig. 6 shows a special tool which was made to facilitate the pipe bending. 
This tool would not be needed in the event of erection of the ammonia 
pipes with screwed fittings and the cost of making this tool is added to the 
cost of the bending and welding method without having any counterpart 
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Fig. 12. Two welded thermometer wells at inlet and outlet to ammonia compressor. 
Fig. 13. Welded thermometer well in horizontal location. 

in the former method with which its cost can be compared. The cost of 


these two irons can be estimated thus: 

79 inches of ldnch diameter round rod.SI.40 

Cutting the pieces from the bar.... .15 

Heating and bending the jaws.....3,5 

Welding the jaws to the handles*...02 


Total cost....$1.92 


♦Estimated for a plain butt weld in the flat position with 50% penetration. 

Fig. 7 shows a pair of tongs which was made, to handle the bricks on the 
gas fired forge furnace. Pieces of stock material were used to make the 
various parts and these parts were welded tpgether. A pair of tongs of 
approximately the same si^e and shape could have been purchased on the 
open market for $2.00. 

The price of the tongs as they were made was: 


Cost of material 

Small piece of %-inch pipe....$0.0288 

2 Jaws ....... 0.1000 

2 Hinge pieces..... 0.1180 

2 Handles ......... 0.3870 

Cutting the material to lengths... 0.3500 

Bending the jaw pieces... 0.2000 

Drilling the hinge holes ... 0.5000 

Welding 

Lips on jaws. 0.0197 

Jaws on hinges .-. 0.0133 

Hinges on handles ... 0.0520 


Total cost.....$1.7188 


Fig. 9 shows the welding on the thermometer wells. These wells could 
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have been made up using standard pipe fittings and the cost would have 
been: 


For location in a horizontal outlet: 

2—1-inch Tees—(extra heavy).-...$1.20 

2—Thermometer wells .. 1.50 

For location in a vertical outlet: 

5—1-inch Tees—(extra heavy). 3.00 

5—Thermometer wells .-. 3.75 

Screwing the fittings in place. 0.75 

Total cost . $10.20 

The cost of welding the thermometer wells can be estimated thus: 
For a horizontal outlet: 

Welding the closed end of the ]/ 4 'in. pipe.$0.00926 

Welding the bottom of the body shut. 0.01313 

Welding the J4-in. pipe into the body... 0.00464 

Welding the well into the pipe line. 0.01808 

Cost for 1 well.:.$0.04511 

For a vertical outlet: 

Welding the closed end of the pipe.$0.00926 

Welding the J^-in. pipe into the body. 0.00464 

Welding on the side outlet pipe. 0.00904 

Cost for 1 well.$0.02294 

Cost of welding 2 horizontal wells.. $0.09022 

Cost of welding 5 vertical wells. 0.11470 

Cost of welding all wells.$0.20492 


This cost is based on actual welding time only and must be increased due 
to the time required to cut the pieces, peen over the ends of the pipe, fit 
the pieces together and test the welds for leaks. This is estimated to* be 
10 times the cost of welding which brings the cost of the welded thermom¬ 


eter wells to: 

Welding .$0.20492 

Making up . 2.04920 

Total cost. ..$2.25512 or $2.26 


Summary of Costs 


Cost of assembling the steel frame_ 

Cost of assembling the ammonia pipes 
Cost of thermometer wells . 

Totals . 

Cost of auxiliary equipment. 

Cost of the gas fired forge. 

Cost of the bending irons. 

Cost of the tongs . 


Standard 

Practice 


Actual 

Saving 

Saving in 
% of St’d 
Practice 

$ 34.27 
69.70 
10.20 

$ 7.92 
50.87 
2.26 

$26.35 

18.83 

5.94 

76.8% 

27.0% 

72.5% 

$114.17 

$61.05 

$51.12 

45.6% 

$ 5.30 

none 
2.00 

$ 3.30 
1.92 
1.71 

$ 2.00 
none 
0.68 

37.7% 

none 

34.0% 
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Fig. 14. Refrigeration plant completed. 


The gas-fired forge and the tongs would not be needed for the installa' 
tion of the pipes by means of standard practice but are listed for comparison 
with the welded construction method. The auxiliary equipment listed under 
welded construction were in good condition when the installation was com' 
pleted and could have been moved to the next job, if another installation 
was to have been made, and the cost of their construction on the next job 
would not be necessary. 

Conclusion—It is evident from this cost comparison that the gross saving 
accruing from the use of welded construction would be very large. Of course 
the steel structure which was installed in this case would not be necessary 
in connection with ordinary refrigeration plants and for that reason this 
installation was more or less a special case. However the ammonia piping 
system is the same as that used in standard refrigeration systems and in 
this connection a saving estimated to be in excess of one fourth of the 
installation cost was effected. And the neat appearance of the bends and 
welds enhances the value of the entire installation. 

Advantages of Welded Construction—1, The ammonia pipes remain 
perfectly gas tight with little inspection or care; 2, The points at which leaks 
could occur are reduced to a minimum; 3, The easy bends and welds give 
the whole plant a rather pleasing appearance; 4, After several months no 
ammonia has been lost from the system showing that it is still perfectly 
tight; 5, Bending the pipes and welding them into place simplifies the instab 
lation; 6, The piping is a single unit; 7, Repairs can be made easily by simply 
pumping the ammonia out of the place to be repaired and cutting out the 
defective piping and bending and welding a new piece of pipe into place; 
8, Additions to the ammonia pipes can be easily made; 9, The welded steel 
structure is quite rigid without the aid of triangular bracing. 











Chapter XI—Special-Duty Steel-Plate Fan 


By C. Donald Fisher, 

Designer and Draftsman, Sprout, Wfaldron and Co., Muncy, Pennsylvania 



Subject Matter: For conveying away the product of attrition 
mills and heavy-duty cutters manufactured by a company, cen¬ 
trifugal fans about 2 or 3 feet in diameter were required. If 
purchased fans were used, they were subject to the disadvan¬ 
tages that deliveries were uncertain, in many cases the air pres¬ 
sure was too low unless the fans were belt-driven at higher speed 
and the cast iron fan blades were designed for air only, and 
being rough, would choke up with material. By building their 
own fans with arc welded construction, the company not only 
overcame these disadvantages, but lowered costs as well. The 
average saving by using the welded fan was 55 per cent. 


C. Donald Fisher 


The object of this article is to present the advantages of an arc welded 
fabrication as it concerns the development, design and manufacture of a 
new product by a small manufacturer. The new product was a special-duty 
steel-plate fan for which the company with which I am connected had a 
limited sales outlet. This standard type of fan had formerly been bought 
outside and served as a secondary unit to service our primary machines. 

An effort will be made to show that, due to welded construction, the 
necessary development stage of this special fan could be made at a low cost. 
A low-cost of development is a positive necessity if a small company is to 
compete successfully in a field dominated by large manufacturers. It is 
assumed that the small manufacturer has a relatively limited sales outlet 
and that his manufacturing facilities are not subject to mass production 
methods. 

It will also show that, because of the welded construction, this fan, (See 
Fig. 1), could be manufactured economically and, thus, make possible the 
profitable sale of this fan in a competitive market. 

The fan under consideration is designed for handling air in combination 
with heavy concentrations of finely ground material. The power applied to 
the fans varies from 2 to 10 horsepower, and the pipe size of the inlet and 
outlet ducts range from 6-inches to 8-inches in diameter. Fig. 2 and Fig. 3, 
show the various sizes of both the motor-driven and belt-driven fans. 

In order to sell a complete installation, small companies are often forced 
to sell secondary equipment which they do not manufacture. This secondary 
equipment must operate along with the primary units, of the small manu¬ 
facturer s own make, and upon the efficient and trouble-free operation of 
the secondary units will hinge the success or failure of the entire installation. 
In order to meet competition, these secondary units must be bought and 
sold at a profit that is small in proportion to the responsibility entailed 
for their successful operation. 

To meet some special applications, standard' types of machines must 
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Fig. X. Steel-plate fan. 

sometimes be run under conditions unfavorable to their efficient operation. 
It happens also that the sffie, capacity and driving arrangement of some 
standard secondary units are very much out of proportion to what would 
be the actual requirements of a machine built especially for the work. 

The small manufacturer will find it nearly impossible, economically, to 
buy tailor-built machines to service the large units of his installations, assume 
ing a relatively small number of large units are to be sold. 

As a consequence of this condition, oft, times the builder will be forced 
to buy standard secondary units outside and absorb, as best he can, the 
higher cost and pass along to his good customer an inefficient operating 
machine. 

The company with which I am connected was up against exactly this 
condition in the installations of their attrition mills and special heavy-duty 
cutters. 

The fans that we were using to convey the processed material away 
from these units were of an outside manufacturer's standard make and were 
not designed specifically for the purpose for which we were using them. As 
a consequence, the operation of these fans was oft, times quite unsatisfactory 
with the result that the operations of the entire installation would be 
condemned. 

The fans we had been buying were primarily designed for handling air 
whereas the fans, to suit our requirements, should have been designed for 
handling heavy concentrations of finely ground processed material in con¬ 
junction with air. The fans were of cast iron construction, and, while this 
material has very desirable wearing properties, it, nevertheless, has very 
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undesirable performance characteristics when the fan is new. The rough 
inside surface of the spiral casing collects the finely ground material and 
builds up until the fan is completely choked. This rough surface condition 
will wear off after several months of operation, but, nevertheless, it would 
be very desirable to have maximum capacity and efficiency for the new 
installation. 

The pressure characteristics of these fans were such as to make it 
impossible to directly connect the fan impeller to the spindle of a 1760 
revolutions per minute motor. To develop the required pressure, a speed¬ 
up V-drive would be required with a corresponding increase in price as a 
shaft and bearings would be required for the fan. The V-belt drive and 
supporting base for the fan and motor would also further increase this price. 

Fully realising the design shortcomings and expensive drive arrangement 
of these standard fans, a decision was made to design and manufacture an 
experimental fan. 



Fig. 2. Fan and bearing support assembly. 


Development of Fan—The decision to manufacture this fan was made 
possible by the fact that we could fabricate it with the electric arc. Had it 
been necessary to make patterns, obtain necessary steel castings and machine 
castings, it would have been economically impossible for us to have produced 
this fan or others like it in a competitive market. A preliminary survey 
showed that, by using plates and the electric arc, we could manufacture 
the fans with absolutely no other machining work than that required to 
bore and key seat the fabricated fan impeller. 

The experimental fan was engineered to suit exactly the air requirements 
for one of our jobs. The entire details of this experimental fan were worked 
out on one drawing size 16-inch x 21-inch. Of course, considerable experi¬ 
ence with this type of fan was necessary before this design could be made. 

An experimental fan was actually manufactured in our shop for a cost 
of $55. The cost covers material, labor and 180% for shop overhead. No 
breakdown of this cost will be given as, for a single unit of this type, any 
breakdown in cost would be meaningless. 

Two slight revisions were found to be necessary from the results of field 
tests. It was found that the fan impeller needed reinforcing to withstand 
the impact of heavy particles entering along with the air stream. As this 
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fan was now 100% under our control, this defect could be remedied by 
simply revising the drawing and recalling the prints from our shop. This 
experimental fan was tested under field conditions in which an outside manu¬ 
facturer’s standard fan had been rendering very poor service. 

Our fan clearly demonstrated its superiority over the standard fan and 
convinced us that the design of the fan was sound. The smooth surface 
of the steel sheets on the inside of the fan was so self-cleaning to the finely 
ground product that we found we could reduce the horsepower applied 
to the fans by approximately 25% less than for the cast iron fans and still 
obtain satisfactory operation. 

With the conclusion of these tests on our experimental steel plate fan, 
it could be safely said that our development work was practically com¬ 
pleted. The experimental fan was ready for test approximately one week 
after the tracings for the fan had been completed. The tests were completed 
in approximately two months on an actual field job. The entire development 
cost on this fan would not be over $300. 

Design of Fan—The cost of the experimental fan had been considerably 
lower than the cost of the comparable cast iron fan obtained from an outside 
manufacturer. The results of the tests were also so successful that we 
decided to manufacture a line of fans to suit our particular requirements. 
These fans would be designed for direct motor drive, but, at the same time, 
provision would be made for belt-drive so that the unusual operating condi¬ 
tion sometimes encountered could be handled. 


Table I—Bill of Material 

Heavy Duty Fan for No. 3 Products Collecting System 
To Be Used With 7Vz H.P. Motor, 1750 R.P.M. 

No. Pcs. Description 

1 Fan Side and Motor Support—Use Arrangement No. 3 for Mounting Motor 
Weld Plate 21J4” Dia.—Cut from Fan Housing to Fan Side 
4 Vl" N 134" Machine Bolts with Cut Washers 
1 Fan Housing—See Order (Clockwise as Shown) 

For No. 3 Pneumatic System (Counter Clockwise Opposite) 

4 34” Studs 34” Long—Double Refined Iron 
4 %" Wing Nuts 

4 34” N 34” Cap Bolts with Lock Washers 
4 34” N Yl" Cap Bolts with Lock Washers 
1 Felt Gasket 23" O.D. X 21J4" I.D. X Thick 
1 Felt Gasket 8" X 6 " to 6" X 4" X y 16 " Thick 

1 Fan Impeller for No. 3 Outfit, Bore 114", K.S. 14" X 14" and S.S. 

(See Order for 20" Dia. or 21" Dia. Impeller) 

1 Piece C.T.S. 2%" Dia. X 314” Long 

2 34” Headless Set Screws 

1 71/2 H.P., 1750 Open Type Sleeve Bearing Motor—Frame No. 284 (See Order 

for Current Characteristics) 

1 Allen-Bradley No. 709 Magnetic Starter Separate Push Button for Above Motor 
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Table II—Bill of Material 

Heavy Duty Fan—Belt Driven 
For No. 1 Pneumatic Products Collecting System 
No. Pcs. Description 

1 Fan Side and Bearing Support 

Weld %e" Plate 2114" Dia.—Cut from Fan Housing to Fan Side • 

4 Yi Machine Bolts 1 /i Long with Cut Washers—Nuts Welded to Under' 
side of Support 

1 Fan Housing—See Order (Clockwise as Shown) 

For No. 1 Pneumatic System (Counterclockwise Opposite) 

4 Y & " Studs Long 
4 Ys Wing Nuts 

4 X Ys" C a P Bolts and Lock Washers 

4 y Q " X Yi Cap Bolts and Lock Washers 
1 Felt Gasket 23" O.D. X 2114" I.D. X % 6 " Thick 
1 Felt Gasket 8" X 6" to 6" X 4" X Thick 

1 20" Fan Impeller for No. 1 Outfit, Bore 1 K.S. Ys X and S.S. as 

Per Dwg.—Except Bore 

1 Piece C.T.S. 2%' X 214" Long 

2 Ys" Headless Set Screws 

1 Fan Shaft—1 1 As Dia. X 1814" Long—K.S. One End X X 
and K.S. Other End Ys X % 6 " X 4" Long 
1 Straight Key Ys X Ys" X 3" Long 

1 Straight Key Ys X Ys" X 3^4" Long 

2 1%6" Fafnir Bearings—Single Pillow Blocks, Light Series—SAK Type 
2 No. 4 Taper Pins (Bearing to Bearing Support) 

Table III—Bill of Material 

Heavy Duty Fan—Belt Driven 
Nos. 2, 3 SC 4 Pneumatic Products Collecting System 
No. Pcs. Description 

1 Fan Side and Bearing Support 

Weld 3 Ae" Plate 21]4" Dia.—Cut from Fan Housing to Fan Side 
4 YY Machine Bolts V/2" Long with Cut Washers—Nuts Welded to Under* 
side of Support 

1 Fan Housing—See Order (Clockwise as Shown) 

For No. 2 Outfit (Counterclockwise Opposite) 

4 34" Studs Y 4 Long—Double Refined Iron 
4 Ys" Wing Nuts 

4 Ys” X 54" Cap Bolts and Lock Washers 
4 Y&" X Yl Cap Bolts and Lock Washers 
1 Felt Gasket 23" O.D. X 2114" I.D. X %e" Thick 

1 Felt Gasket 8" X 6" to 6" X 4" X Vie" Thick 

1 20" Fan Impeller for No. 2 Outfit—Bore l 7 As" —K.S. Ys" X % 6 " X S.S. as 

Per Dwg.—Except Bore 

1 Piece 2%" Dia. 314" Long 

2 Ys" Set Screws 

1 Fan Shaft—1%«' Dia. X 1814* Long—K.S. One End Ys X % 6 " X W 
and K.S. Other End Ys" X % 6 " X 4" Long 

2 . l 7 Ae" Fafnir Bearings—Single Pillow Blocks, Light Series—SAK Type 

1 Straight Key Ys X Ys" X 3" Long 

1 Straight Key Ys[ X Ys X 3%" Long 

2 No. 4 Taper Pins (Bearing to Bearing Support) 
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Table IV—Bill of Material 

Stock Parts for Pneumatic System Fans 

Pcs. Description 

6 Fan Sides and Motor Supports (Do Not Provide Holes for Motor Attachment) 
(Used on Nos. 1 , 2 and 3 Motor Driven Fans) 

6 Fan Housings (3 Clockwise, 3 Counterclockwise) 6 " Wide 

(For Use on Nos. 2 and 3 Motor Driven Fans and Nos. 2 , 3 and 4 Belt Driven 
Fans) 

4 Fan Housings (2 Clockwise, 2 Counterclockwise) 4 " Wide 

(For Use on No. 1 Motor Driven and No. 1 Belt Driven Fans) 

4 Fan Sides and Bearing Supports 

(For Use on Nos. 1 , 2 , 3 and 4 Belt Driven Fans) 

4 Fan Shafts, 1% G " Dia. X 18*4" Long, K.S. 

4 Straight Keys, ?4" X X 3%" Long 

4 Straight Keys, 54" X 54" X 3" Long 

(For Use on Nos. 1 , 2 , 3 and 4 Belt Driven Fans) 

4 21" Fan Impellets for No. 1 Pneumatic System—Bore 1 " 

(1 Pc. 2 Dia. C.T.S. 2*4" Long) 

(Use on No. 1 Motor Driven Fan and No. 1 Belt Driven Fan) 

6 21 " Fan Impellers for Nos. 2 and 3 Pneumatic Systems 

Bore 1*4" (1 Pc. 2 i>y lfi " Dia. C.T.S. 3*4" Long) 

(Use on Nos. 2 and 3 Motor Driven Fans and Nos. 2 , 3 and 4 Belt Driven Fans) 
3 l%f>" Fafnir SAK Pillow Blocks 


Table V—Bill of Material 

Heavy Duty Fan for No. 1 Products Collecting System 
To Be Used With 3 H.P. Motor, 1750 R.P.M. 

No. Pcs. Description 

1 Fan Side and Motor Support—Use Arrangement No. 1 for Mounting Motor 
Weld %6" Plate 21*4" Dia.—Cut from Fan Housing to Fan Support 
2 2" X 13" X 54" Bars—Weld to Motor Support 
2 2" X 12" X y*” Bars—Weld to Above Bars 
4 54" X 1*4" Cap Bolts with Cut Washers 
1 Fan Housing—See Order (Clockwise as Shown) 

For No. 1 Pneumatic System (Counterclockwise Opposite) 

4 %" Studs 54" Long 
4 54" Wing Nuts 

4 s /y X 54 " Gap Bolts and Lock Washers 
4 y 8 " X *4" Cap Bolts and Lock Washers 
1 Felt Gasket 23" O.D. X 21*4" I.D. X Thick 
1 Felt Gasket 8" X 6" to 6" X 4" X V 1Q " 

1 Fan Impeller for No. 1 Outfit, Bore 1", K.S. *4" X *4" and S.S. (See Order 
for 20" Dia. or 21" Dia. Impeller) 

1 Piece C.T.S.—2i*% e " Dia. X 2*4" Long 

2 54" Headless Set Screws 

1 3 H.P. 1750 R.P.M. Open Type Sleeve Bearing Motor 

See Order for Current and Voltage—Frame No. 225 
1 AllemBradley 609, Siz;e 1, Open Type Starter for Above Motor 
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Table VI—Bill of Material 

Heavy Duty Fan for No. 2 Products Collecting System 
To Be Used With 5 H.P. Motor, 1750 R.P.M.—Frame No. 254 

No. Pcs. Description 

1 Fan Side and Motor Support—Use Arrangement No. 2 for Mounting Motor 
Weld S A&" Plate 21]4" Dia.—Cut from Fan Housing to Fan Side 
2 214" X I 3 " X y 4 " Bars—Weld to Motor Support 
4 Vl” X U/ 4 " Cap Bolts with Cut Washers 
1 Fan Housing—See Order (Clockwise as Shown) 

For No. 2 Pneumatic System (Counterclockwise Opposite) 

4 Vs" Studs 54" Long—Double Refined Iron 
4 Wing Nuts 

4 Y&” X Cap Bolts and Lock Washers 
4 54" X 1 / 2 " Cap Bolts and Lock Washers 
Felt Gasket 23" O.D. X 21|4" I.D. X %e" Thick 
Felt Gasket 8 " X 6 " to 6 " X 4" X %c" Thick 

Fan Impeller for No. 2 Outfit, Bore lYs", K.S. X Y &" and S.S. 

(See Order for 20" Dia. or 21" Dia. Impeller) 

1 Piece C.T.S.— 2 W' Dia. X 3f4" Long 

2 54" Headless Set Screws 

1 5 H.P., 1750 R.P.M. Open Type Sleeve Bearing Motor Frame No. 254 (See 

Order for Current Characteristics) 

1 Allen-Bradley 609, Size 1 , Open Type Starter for Above Motor 

The bills of materials for these fans are given in the accompanying 
tables. These bills of material list seven different types and sizes of fans and 
cover 95 per cent of the fan requirements for our primary machine. By close 
inspection of the bill of materials, you will note some of the parts for one 
size of fan will fit all of the other fans, and, by keeping in stock the eight 
parts shown on bill of material headed “Stock Farts for Pneumatic Sys- 
terns, 11 Table IV, we were able to carry in stock for immediate shipment 
all of the seven different types of fans. 

A small manufacturer will find an arrangement of this sort a prime 
necessity if his market conditions permit the sale of only a small number 
of the different types of units. 

To show the extreme simplicity of the design of this fan, as made ■ 
possible by the electric arc, a description of the design of one representative 
size of fan will be given. This fan is shown in Fig. 1. 

The bill of material is Table I and is for a heavy-duty fan for No. 3 
products-collecting system to be used with 7 1 /2 horsepower motor, 1750 
revolutions per minute. 

Piece No. 1—Fan side and motor support—arrangement No. 3 for 
mounting motor. The 12-gauge black iron piece 2 3-inch diameter and the 
Vie -inch black iron plate (cut from fan housing) are cut out with the torch 
and plug welded together with eight—% 6 -inch plug welds. Plug welds are 
used to join these two pieces together so as to minimize distortion and to main¬ 
tain a clear edge in the %6-inch plate piece for bolting. The Vl6 -inch holes 
are punched in the 12-gauge black iron fan side. These bolts are used to hold 
the fan case to the fan side in the final assembly and to act as a jig for 
holding the 1%-inch X 1 V^-inch X %e"iuch angles of the fan side for 
aligning and welding. 
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The J/4'inch plate is bent on the break and welded to the angles that 
have been bolted and welded to the 12'gauge black iron fan side. This 
entire assembly is made without the use of a jig, and all the welds can be 
made vertical as the piece is small and can be easily turned by hand to the 
correct welding position. No machine work is required on this piece as the 
method of welding and the size of the plates are such that no distortion 
occurs. The fan side is stocked with the motor support plain and by adding 
the necessary filler pieces, this assembly serves for three sizes of fans. 

Piece No. 2 on the bill of material is the fan housing for the No. 2 
pneumatic system. The fan sides of %6'i nc k and 12'gauge black iron are 
cut out with the radiograph. The one side is made % 6 'inch so as to keep 
distortion down and to offer sufficient grip for the %'inch cap bolts. The 10' 
gauge black iron scroll sheet is sheared and bent on the break to the correct 
shape, tack welded to the side plates and then continuously welded with 
J/gdnch fillet welds. This assembly is welded without the use of a jig as the 
peculiar shape of the scroll sheet makes a flat and upright surface for attach' 
ing the side plates. This piece is small enough so that it can be positioned 
by hand for efficient welding. This fan side serves five different sizes of fans. 

Piece No. 3—Fan impeller for No. 3 outfit 21'inch diameter, bore lXr 
inch, keyseat Xpinch X My inch. This fan impeller as supplied in competitive 
fans has either a cast steel hub with angle irons cast in the steel and extended 
to support the fan blades or else the hub and arms are made in one steel 
casting. It was feared that because of the high radial stresses existing in 
the welds at the point where the blades are welded to the hub and because 
of the unknown tangential stress caused by impact of the blades with the 
product in the entering air stream that trouble might be had with an alb 
welded impeller. The shop was cautioned as to this condition and has given 
us very good welds. The tip speeds on some of the belt'driven units are as 
high as 12,500'feet per minute; radial stress at junction of hub and blade 
about 5,000'pounds per square inch and considerable tangential impact 
stress at this point also, but to date not one fan impeller has failed. 

The fan blades on these impellers are sheared to size and after being 
welded to the hub are finally ground to the correct diameter. The finished 
impeller is given a good static balance and excellent running balance is 
secured. The homogeneous structure of steel plates makes it possible to 
get a good running balance from these static balanced impellers. 

The blades for these fan impellers are sheared from waste pieces of 




878 


STUDIES IN ARC WELDING 


steel plates and actually have no material cost. The hub is made from cut-off 
ends of 2 1 %e-inch commercial-turned low carbon steel. 

The fan impellers are stocked 21-inch diameter, not bored or ground to 
diameter, and are removed from stock on receipt of a definite order, bored, 
keyseated, ground to diameter, and balanced to suit the order conditions. 

This fan impeller as stocked can be ground to diameter and bored to 
suit five different sizes of fans. 

The remaining parts are the driving motor, starter, necessary bolts and 
felt gaskets. 

From the above list of parts, it will be evident that there are only three 
parts for the fan that must be fabricated in our shops. 

As stated once before, no machine work is required on this fan other 
than required to bore and keyseat the fan impeller. 

Comparative Cost of Fans 


Our steel plate fan complete with fan 
impeller mounted on motor spindle and 
motor mounted on side of fan. 


#1. System—Direct motor drive 

steel plate fan .$ 5 5.00 

3-H.P., 1760 motor, 3P-60G- 
220V.—Open Sleeve Bearing 49.50 

Total.$104.50 


2. System Direct Motor Drive 

k, Steel Plate Fan.$ 55.00 

5-H.P., 1760 motor, 3P-60C- 
220V. Open Sleeve Bearing.. 60.30 


Total.$11 5.30 


#3. System Direct Motor Drive 

Steel Plate Fan .$ 5 5.00 

71/2-H.P., 1760 Motor, 3P- 

60C-220V. Open Sleeve Bear¬ 
ing . 79.30 

Total.$134.30 


#4. System Direct Motor Drive 


No. 3 Steel Plate Fan.$ 65.00 

10-H.P., 1760 Motor, 3P-60C- 
220V. Open Sleeve Bearing.. 101.00 


Total.$166.00 


Purchased cast iron fan with motor and 
necessary V-belt drive and fabricated base 
to connect fan and motor. 


#1. System belt driven cast iron 

fan—Fan No. 23.$ 72.50 

5-H.P., 1760 motor, 3P-60O 
220V. Open Sleeve Bearing.. 60.30 

6.4 P. dia. 2-groove B-sheave 7.28 

5.6 P. dia. 2-groove B-sheave 6.72 

2 B68 belts. 2.57 

Base plate . 25.00 

Total.$174.37 

#2. System belt-driven cast iron 

fan—Fan No. 24.$ 91.50 

71 / 2 -H.P., 1760 Motor, 3P- 

60C-220V. Open Sleeve Bear¬ 
ings . 79.30 

6.4 P. dia. 3 G.B. Sheave. 8.71 

5.6 P. dia. 3 G.B. Sheave. 8.12 

3 B68 belts . 3.86 

Base plate . 30.00 


Total.$221.49 

#3. System belt-driven cast iron 

fan—Fan 24-A .$ 91.50 

10-H.P., 1760 Motor, 3P-60C- 
220V. Open Sleeve Bearing.. 101.00 

6.4 P. dia. 4 G.B. Sheave. 10.10 

5.6 P. dia. 4 G.B. Sheave. 9.45 

4 B68 belts. 5.15 

Base plate . 35.00 


Total.$252.20 

#4. System belt-driven cast iron 

fan—Fan No. 25.$115.00 

15-H.P., 1760 motor, 3P-60C- 
220V. Open Sleeve Bearing-.- 121.00 

6.4 P. dia. 5 G.B. Sheave. 11.50 

5.6 P. dia. 5 G.B. Sheave. 10.86 

5 B68 belts ..J 6.43 

Base plate . 40.00 


Total. 


$304.79 
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The average net saving for the operating unit per complete installation 
would be $108.18. The cost of the steel plate fan per installation is but 54 
per cent of the cost of an equivalent standard cast iron fan for the same in-' 
stallation. The average net saving for the fan units only would be $35.12. The 
cost of the steel plate fan is but 62 per cent qf the cost of; an equivalent 
standard cast iron fan. 

The cost of a complete operating unit, however, is the cost that counts 
in a competive market and on this basis the net saving per installation would 
be as noted above, $108.18, and the average horsepower saving would be 3.1. 

On the basis of 50 installations per year, this saving would amount to 
$5,409.00. The horsepower saving would amount to 155 horsepower or, 
on the basis of 10 hours a day per five-day week, a total of 403,000 kilowatt 
hours would be saved per year. Of course, this monetary saving is passed 
along to our customers, but, nevertheless, we benefit directly in that we are 
able to place a lower bid on an installation, and thus, better our chances of 
securing additional business. 

The sdi^ing in horsepower will permit our customer to process his product 
more economically and will help to secure his favorable reaction to the 
proposed installation. The company benefits directly in that the work of 
fabricating this fan is now in our own shop and would help to reduce the 
shop overhead expense. 

The company benefits also in having direct control over the delivery time 
of the manufactured product. Equipment bought outside must frequently 
be waited for with the result that shop and shipping schedules are delayed 
and valuable equipment is held up for want of secondary equipment of 
relatively minor importance. 

Results Obtained by Arc Welding the Steel Plate Fan—As stated before, 
the ability to arc weld this fan from steel plates made possible the manufac¬ 
ture of this fan by the company with which I am connected. 

The benefits accruing from the manufacturing of this fan were as 
follows: 

The company was able to convert an unprofitable secondary unit of its 
business into a profitable unit of business. This conversion resulted in an 
improved performance of the secondary unit with the result that the opera¬ 
tion of the primary units was also materially improved. 

Our customers were able to buy their equipment more economically and 
to run it at lower power requirements. 

In a small way, this saving will enable them to lower the cost of their 
product with the result that mankind in general will be able to benefit by 
being able to supply their wants more economically and, thus, in greater 
abundance. 



Chapter XII—Parts for a Receiving-Switching-Transmitting Unit 


By Adam Drenkard, Jr., 

Engineer, Western Union Telegraph Co., T^lew Tor\, TvJ. T. 



Subject Matter: How arc welding simplified the problem of con- 
structing a receiving-switching-transmitting unit for a telegraph 
reperforator switching installation. In the original model of the 
four-position receiving table, the screw and gusset plate method 
of assembly was used in order to facilitate any necessary change 
in shelf height; but, as a result of steel shortages arc welding 
became essential—almost 25,000 pounds of steel being saved in 
the construction of the equipment described in this paper alone. 
Proportionate cost savings are analyzed in detail, indicating a net 
overall of 23.8%. 


Adam Drenkard, Jr. 


The telegraph business is concerned primarily with the transmission, in 
record form, of messages from a large number of originating points to an 
equally large number of receiving points. Because of the universal service 
it provides, reaching into virtually every town and hamlet in the nation, it 
can be operated economically only through the medium of central relay 
^‘offices. Each of these relay offices has direct wires to a number of originating 
f points and receiving points in its section of the country and also direct wires 
to one or more other relay offices. In this respect the handling of traffic is 
similar to that employed by the telephone companies with their multiplicity 
of central offices. It is distinguished from telephone service however in that 
over 95% of the business handled at telegraph relay offices is received and 
transmitted over printing telegraph circuits. 

Under the standard procedure at relay offices not equipped with the 
recently developed reperforator switching system a considerable amount of 
manual work is involved. Reception at a relay office requires the services 
of a receiving operator who checks the message for possible errors, times it, 
records its sequence number and then releases it. The telegram is then 
manually, or mechanically by means of belt conveyors, carried to a central 
distributing center. Here it is routed, again manually, to the circuit over 
which it is to be retransmitted. It is then carried, again manually or 
mechanically, to the transmitting position where the services of a transmit¬ 
ting operator are required. 

In addition to the operators and distributing and routing clerks already 
mentioned, an adequate staff of supervisory forces must be provided to insure 
the^ expeditious handling of the messages since they must be delivered at 
their destinations within a very few minutes after being filed at the originat¬ 
ing point. 

The development of a reperforator switching system was undertaken 
with the intention of eliminating as many of the manual operations as 
possible and replacing them with a single, accurate, high speed switching 
operation. 
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In the reperforator switching system means have been provided whereby 
distant stations may transmit into the relay office at their own convenience 
at any time without any delay in the reception of the message. A switch' 
board or switching turret has also been provided through which the re' 
ceived messages may be distributed at high speed to the transmitting 
terminals of the outgoing circuit. At the transmitting terminals all telegrams 
for each circuit are accumulated in a storage device from which the messages 
are transmitted as fast as the line can accept them. By this system the 
manual operations have been reduced to one handling, namely the routing 
of the incoming message through the switching turret. 

The three major elements involved in the passage of a message through 
a relay office are the four^position receiving table, the 256 jack switching 
turret and the four^position sending storage table. These three items to* 
gether comprise the reperforator switching unit which is described in this 
paper. 


One position o/ 
4 Pos V? JP<?cy 7b6Jc. 


25& Jock 
Switch//?g 
Tbrr-ot 


One pos 

Se/ecUrs 4 / " os ' n ^ nc 


736/e. 



Fig. 1. The major items involved. Code: P/R(M), multiplex printer perforator, 65 words 
per minute; P/R(S), simplex printer perforator, 65 words per minute; S, tape storage loop; 
T-L tape transmitter, 125 words per minute; T-2, tape transmitter, 65 words per minute; 
N, automatic message sequence numbering machine; R, reperforator, 125 words per min¬ 
ute; DT, distributor-transmitter, 65 words per minute. 


Development—In 1933 the first practical attempt by the Western Union 
was made to handle traffic by means of automatic reperforation. The 
telegrams were received in the form of a perforated tape. Operators read 
the coded perforations in the tape, routed the messages to the proper 
outgoing circuit and then the short length of tape bearing the perforated 
message was physically transported to the transmitting position. This 
system was soon found to have no practical advantage over existing methods 
because of the difficulty of accurately reading the perforations and of 
transporting the short pieces of tape. There was also a possibility of de** 
layed handling of the messages. 

In 1934 an improved version of the reperforator switching method was 
tested in a small trial installation at Fort Worth, Texas. In this system a 
printing perforator was substituted for the perforator used for receiving 
in the original plan. This unit printed the message on one tape and per' 
forated the message on another tape. The operator was thus enabled*'to 
easily read the message destination on the printed tape. . 
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The perforated tape was then fed through an automatic transmitter 
associated with a switching plug by means of which the message was routed 
to an outgoing circuit connection. This connection was not the outgoing 
-circuit itself but an intra-office circuit which cleared the transmitter at the 
receiving position and transferred the message to a storage device at the 
outgoing circuit. The intra-office circuit operated at 90 words per minute as 
compared to the 65-words per minute speed of the receiving circuit, thus 
absorbing the slack caused by any delay in switching. Transmission on the 
outgoing circuit started immediately or as soon as the line was cleared of 
any business already stored from some other circuit. 

After some further refinements, chief of which was the development of 
the printer-perforator, a larger trial installation was made at Richmond, Vir¬ 
ginia. The printer-perforator is a machine which simultaneously prints the 
message and punches the code perforations on the same tape, thus simplify¬ 
ing the routing procedure. 

A new high-speed perforator was also developed for use at the out¬ 
going transmitters. These perforators were capable of operating at 125 
words per minute and the intra-office transmission was thus stepped up to 
almost double the circuit receiving and sending speed. Thus was avoided 
the congestion which occasionally had occurred in the previous system due 
either to the gradual accumulation of time consumed in switching or to 
“waiting time” caused when a needed outgoing circuit was pre-empted 
by another transmitter. 

The above brief summary gives a general description of the fundamental 
elements required. Numerous auxiliary devices are also employed but since 
they are beyond the scope and purpose of this paper no attempt will be 
made to describe them. 

Fig. 1 is a greatly simplified drawing showing the relationship between 
the various major items involved in a reperforator switching system installa¬ 
tion. One or more jacks appear in each switching turret for every circuit 
being relayed at the reperforator switching office. The jacks for each office 
in all turrets are multiplied together so that it is possible for any receiving 
position to route a message to any transmitting position. Schematic connec¬ 
tions between only two turrets and sets of equipment are shown. 

Operation of the Richmond installation provided an opportunity for 
an exhaustive study to determine the optimum placement of the many 
individual items of equipment at the operating positions, commensurate 
with the most efficient and speedy traffic handling. ~ 

Thereupon plans were laid for the final design and standardisation of 
the various operating equipment assemblies so that use of the new system 
could be extended to most of the large cities of the country. Design work 
was begun early in 1940 and completed late in the same year. 

In the meantime it had been decided to make the first installation of 
the standardised equipment at the Atlanta, Georgia relay office. Immedi¬ 
ately upon completion of design work on each item of equipment it was 
rushed into production. As a result it was possible to begin installation 
work at Atlanta long before the design of all items had been fully completed. 
The Atlanta office was cut-over” to complete reperforator switching opera¬ 
tion late in the summer of 1941. 

Fig. 2 is a view of a switching aisle in the Atlanta office showing the 
relationship, between the four-position receiving table and the 256 jack 
switching turret. Fig. 3 shows a storage aisle consisting of rows of four- 
position sending storage tables located directly behind the switching aisle. 
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Fig. 2. Switching aisle. 


The Atlanta installation has now been in operation for over eight 
months and is the most modern telegraph relay office in the world. Some 
of the salient features of improved operation are listed below. 

1. Studies have shown that a reduction of 75 per cent has been achieved 
in the time required to clear a message through the office as compared with 
the old method of operation. 

2. There has been a gain in accuracy due to the elimination of manual 
reperforation and transmission of each message. 

3. An increase in the capacity of inter-city circuits of over 25 per cent has 
been attained because transmitters function continuously as long as there 
are telegrams to be transmitted. This was impossible under manual opera¬ 
tion. 

4. Physical and mental effort required of the operating personnel has 
been greatly reduced. 

5. A considerable reduction has been effected in the space requirements 
for the central relay office equipment because of the concentration of the 
machines on the newly designed tables and also because the mechanical 
equipment formerly required for the transportation of messages about the 
office has been eliminated. 

Design—When preliminary design work was begun on the reperforator 
switching system equipment it was necessary to obtain experimental models 
of the units so that laboratory setups could be made. This was done pri¬ 
marily in order to afford an opportunity for the various operating and 
development departments to suggest changes or additions which would meet 
their requirements. 

In the original model of the four-position receiving table the screw 
and gusset plate method of assembly was used. This was done in order to 
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facilitate any change in shelf height and size necessary to meet the require¬ 
ments of the various departments concerned. Incidentally this model gave 
a clear indication of the impossibility of meeting the limits set up for 
maximum floor space per unit with gusseted construction because the gusset 
plates prevented proper placement and operation of the telegraph equip¬ 
ment. 

The cost of the model also provided a basis for comparison between the 
cost of arc welded construction and gusseted and, when adjusted for 
quantity production, checked very well with the figures calculated in the 
cost analyses given herewith. 

In designing th„e receiving and sending storage tables one of the 
primary considerations was rigidity of construction. This quality was es¬ 
pecially important because of the fact that most of the equipment on these 
tables is semi-portable and must be readily removable for replacement in the 
event of failure. 

Each unit of equipment is fastened in place through the medium of a 
separate sub-base with male clips. Female clips on the various items engage 
the male clips on the sub-base in order to establish the electrical connections 
required. When a machine is inserted into a sub-base considerable pressure 
must be exerted in a horizontal direction in order to fully engage the spring 
clips—32 in number in the case of the printer-perforator. Only with arc 
welded construction would the required rigidity be attained since no bolted 
joint can be made as strong as the parent metal, whereas with arc welding 
it can be made stronger than the parent metal. 

In the switching turret, a somewhat similar condition exists. Since intra- 
ofllce transmission is on a nine ware basis (multiplex plus control leads) 
nine conductors are required per circuit. As a result the plugs through 
which the routing connection are established are decidedly larger than the 
conventional telephone, radio or telegraph plug. The repeated shocks in¬ 
cident to the heavy thrust exerted when plugging up and pushing home 
several thousand connections per day per turret through so large a plug 
made arc welded construction the only alternative. 

Appearance—Another prime requisite in the equipment design was the 
attainment of a neat orderly appearance when a large number of units 
is installed in a central office. Therefore simplicity was the keynote and could 
be best obtained by arc welding. The side supporting members of the re¬ 
ceiving tables are butt welded to the square root cold drawn angle shelf 
frames and then ground smooth. Thus two adjacent tables can be bolted 
together without any gap or slot between them. The square root angles 
forming the shelf supporting frames also serve as a protective edge for the 
plywood shelves and eliminate the necessity of providing the conventional 
aluminum shelf edging. Without the use of arc welding it would be well 
nigh impossible to obtain the neat corners and the strong shelf edges which 
distinguish these tables. 

Maintenance—Arc welded construction, in eliminating the unsightly 
gussets, screws, nuts etc. has also simplified the maintenance and cleaning 
problem. The smooth, uninterrupted surfaces of the present equipment 
have practically eliminated dust catching crevices and dark corners, thus 
cutting maintenance costs. 

Saving in Critical War Materials—In addition to the saving in the 
vital metal aluminum mentioned above, a large saving in sheet steel is made 
possible because of the rigidity of construction obtainable with arc welding. 



Fig. 3. Storage aisle. 


Early in January, 1942, the office of production management, at a hearing 
in Washington at which the writer was one of the representatives of the 
Western Union, reviewed the request for a priority preference rating cer¬ 
tificate covering all the material required to complete the 1942 reperforator 
switching program. This program contemplates the installation of partial 
reperforator switching systems in 18 cities and complete reperforator switch¬ 
ing systems at Dallas and St. Louis. These installations were made necessary 
by the rapidly increasing demands for additional telegraph services by 
essential war industries and government agencies. 

As a prerequisite to the granting of the certificate the company was 
asked to reduce its sheet steel requirements for the complete program by 
25,000 pounds. 

A net saving of over 30,000 pounds was made by redesigning the various 
structures involved. Almost 25,000 pounds was saved in the construction 
of the equipment described in this paper alone. The arc welded con¬ 
struction of these items made it possible to make these savings merely by 
substituting non-metallic sheets because it was not necessary to depend upon 
the strength of the metal sheets in order to obtain sufficient rigidity. This 
would not have been possible with gusseted construction. 

Another saving in material by the use of arc welding is accomplished 
by the reduction in size of the various supporting members of the equip¬ 
ment. With the old gusseted method the minimum size of the shelf sup¬ 
porting members of tables was generally ly^dnches x lV 2 dnch.es x % 6 -inch 
in order to allow sufficient space for the bolts required to hold the gusset 
plates in position and also to attain rigidity. It will be seen by an inspection 
of the drawings included herewith that all shelf supporting angles have now 
been reduced to 1-inch x 1-inch x 14-inch in size, resulting in a substantial 
reduction in the quantity of steel required. This has been done with no 
reduction in strength or rigidity but rather an increase in these qualities. 
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Thus it may be seen that arc welding has contributed materially to 
the conservation of critical materials now so vital to the war effort. 

Reduction of Floor Space Requirements and Operator Fatigue—When 
designing units of the type described, of which a large number are to be 
installed in a given office, it is highly important to keep to a minimum the 
floor area required by each unit. This is readily understandable. 

Increase in floor area directly affects the rental costs. In addition there is 
a decided increase in operator fatigue. Each time a message is routed the 
operator must walk from a central location, usually in front of the turret, 
to the position at which the message is being received. She must then read 
the message destination and walk back to the turret to plug up the con¬ 
nection. An increase of an average of say two feet of walking per switched 
message may seem trivial but, when multiplied by as high as possibly a 
thousand per eight hour day, the increase in fatigue becomes quite con¬ 
siderable. 



Fig. 4. Front view. 


The photos show how compactly it has been possible to arrange the 
various machines on the tables. It is obvious that if gusseted construction 
were used the space occupied by the gussets would be wasted and conse¬ 
quently the overall length of the units would have to be increased by as 
much as 25 per cent in each case. 

A further saving in space requirements and critical material is directly 
attributable to arc welding. Before the development of the new type of 
tables the various resistors required were mounted in a position parallel 
:o the mounting surface in the wiring cabinet. This required a composition 
mounting block equipped with two phosphor-bronze mounting clips for each 
resistor. Four square inches of mounting space were thus used for each 
'esistor. 

Six rows of 1-inch x J/g-inch steel strap are arc welded to the inside 
>ack of the wiring cabinet for the four-position receiving table. These 







SECTION IX—MACHINERY 


887 


straps are drilled and tapped on 1 inch centers. Into each of these holes 
is screwed a long bolt which passes through the hollow center of a resistor, 
which is thus mounted vertically on the mounting surface. With this ar- 
rangement an area of only one square inch is necessary per resistor—a saving 
of 75 per cent. Furthermore there is a direct saving of the critical metal in 
the phosphor-bronze clips which are no longer required. 

Four-Position Receiving Table—A total of 193-inches of short 546'inch 
fillet welds, mostly 1 -inch to iV^dnches long were required for the arc 
welded assembly of the table framework and the cabinet. Ninety inches 
of butt and flush corner welds were required in order to obtain the smooth 
outside corners and joints. 

Figs. 4 and 5 are front and side views of this type of table, partially 
equipped, taken at Atlanta during the course of installation work at that 
office. 

Jadk Switching Turret—In the manufacture of the basic framework of 
the 256 jack switching turret, the heavy side channels are supported by the 
arc welded cross members and channel top. In assembling this framework 
31-feet of J/ 4 -inch fillet welds and 5-feet of butt welds were required. 

The jacks were mounted on separate jack panels, two per panel. This 
method of assembly was necessary in order to facilitate the removal of 
jacks in the event of jack failure. Since the wiring at the back of the turrets 
is very congested due to the large number of wired connections required, 
removal of the jacks from the front was the only possibility. Hence, the 



Fig. 5, (left). Side view. Fig. 6, (right). Front view of turret. 
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screw method of mounting the jack panels. The jack panel supports were 
also screwed in place in order to allow for adjustment in the lining up of the 
various small jack panels during the final assembly. 

Here is illustrated a striking example of the high cost of screw con¬ 
struction as compared with the arc welding method. Reference to the cost 
analysis for the 256 jack switching turret will show that almost 60 per cent of 
the labor cost was attributable to the slotting, drilling and tapping of the 
jack panel supports. Had it been practicable from a maintenance standpoint 
to install a 256 jack panel instead of 128 two-jack panels, the large jack 
panel could well have been arc welded into place. This would have reduced 
the labor cost on this portion of the assembly at least 80 per cent. 


Fig. 7, (left). Front view of four-position sending storage table. Fig. 8, (right). Side view of 
four-position sending storage table. 

Fig. 6 shows a front view of the turret, partially equipped with cords 
and with jacks and filler panels in place but without the lower front en¬ 
closing panel. Refer to Fig. 2 for a photo of completely equipped turrets. 
This photo also shows snap-up type seats fastened to the front of the turrets 
for the convenience of the switching operators. These seats have supported 
the weight of a 250-pound operator without any ill effect on the arc welded 
joints of the turret. 

Four-Position Sending Storage Table—Two hundred and sixty-eight 
inches of short % 6 -inch fillet welds were required for the assembly of the 
framework and the wiring cabinet. In addition to the fillet welds, 87-inches 
of butt and flush corner welds were required. 

In the manufacture of one of the plywood shelves of this table, all re- 
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sistors are mounted on 1-inch x ]/&'inch, steel straps, arc welded in place and 
the entire framework is arc welded together. 

The complete assembly of all the equipment on a four-position sending 
storage table illustrates the complete utilization of space made possible by 
arc welding. 

Figs. 7 and 8 are front and side views of this type of table, partially 
equipped, taken during the course of installation work at Atlanta. The end 
panel of the table has been removed in the side view in order to show 
the large storage space provided for the storage of “sent” tape after the 
messages have been transmitted. The front view shows an open access 
door to this compartment. The side view also illustrates the smooth, clean 
appearance attained in a row of these tables, indicating the ease with which 
the equipment can be cleaned and maintained. 

Proportionate Cost Saving in Percentage—Since the equipment de¬ 
scribed in this paper has never before been built in its present form I have 
elected to compare the costs using arc welded construction with the costs 
using gusseted construction as another reasonable method. I have selected 
the gusseted method as an alternate because such construction was for 
many years used in the design of tables and other equipment as hereinbefore 
noted. It should be borne in mind however that if gusseted construction 
were the only means available today the equipment would of necessity 
be much more cumbersome and would not as efficiently meet the require¬ 
ments set forth in this paper. 

On the following pages are found the cost analyses for arc welded con¬ 
struction of the three major items comprising a reperforator switching 
unit. Following the analysis for each unit is given a comparison between 
the arc welded cost and the cost using gusseted and bolted construction. 
The percentage saving with arc welded construction is also given. 

The total cost figures for arc welded construction are the actual figures 
for the units manufactured for the Atlanta installation. The detailed figures 
for material are on the basis of prices prevailing at the time of manufacture. 

The figures for welding costs for the two tables are based on a total of 
labor and electrode costs of $.014 per inch for Vie -inch fillet welds and 
$.019 per inch for butt and flush corner welds. These figures may seem 
rather high when compared with the figures quoted in the “Procedure 
Handbook of Arc Welding Design and Practice”. They are, however, 
conservative in view of the multiplicity of short (1-inch and V-fainc h) welds 
and the consequent high operator factor due to the fact that the arc is not 
in operation continuously. 

The figures for the welding costs on the turrets are based on a total 
of labor and electrode costs of $.08 per foot for -inch fillet welds and $.12 
per foot for butt welds. 

The “Overhead” item of 45 per cent is applied on the total cost of labor 
and material and includes layout, shop, purchasing and administrative costs. 

In order to compare the costs by the two alternate methods of con¬ 
struction the number of gussets, drilled and countersunk holes, machine 
screws, nuts and bolts required per item as well as the estimated difference 
in set-up and assembly time was computed. All other costs were considered 
equal as between the two methods of construction. No allowance was made 
for the additional material which would be required by reason of the in¬ 
creased length of the items if gusseted construction were used because valid 
methods of evaluating this are not available. Figures for savings are therefore 
very conservative. 
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Recapitulation 

Material, $23.57 plus Labor, $38.56 plus Finishing, $ 2.22 plus Overhead 


(at 45%), $28.95 gives Total Cost Arc Welded...--$93.30 

Comparison of Arc Welded and Gusseted Construction 

1 . Additional material required for gusseted construction. 

(a) %6 °f 36" x 96" x 11 Ga. C. R. Steel Sheet.$ . 9*5 

(b) Screws, nuts and lockwashers. 2.10 


2 . Difference in labor costs. 

'Welded Gusseted 


(a) Welding .$3.08 . 

(b) Cutting and forming gussets. $ 4.10 

(c) Drilling countersinking, 

tapping holes . 5.30 

(d) Setting up and assembly. 3.79 7.88 

(e) Grinding .38 

(f) All other costs are equal . 


Totals .$7.25 $17.28 

Net Increase—Gusseted Construction—Labor . 


-$ 3.06 


.$10.03 


Recapitulation 

Increased Material, $3.06 plus Increased Labor, $10.03 plus Overhead 
H (at 45%), $4.89 gives $17.98 as Total Increased Cost Gusseted $93.30 plus 
' $17.98 gives Total Cost, Gusseted.$111.28 


Cost Analysis Four-Position Sending Storage Table 
Material 

1. Maple Plywood Tops, Y&' thick, 3 pcs. 56" x 28". 

2. Cold Rolled Stretcher Leveled Steel Sheet. 

(a) 1*4 36" x 120 " x #14 Ga. 

(b) 14 of 36" x 96" x # 16 Ga.. 

(c) Vs of 48" x 96" x #16 Ga. 

(d) % of 36" x 120" x #18 Ga... 

(e) 1 48" x 96" x #18 Ga. 

(f) Viz of 36" x 96" x #22 Ga. 

3. Steel Angles and Bar Stock. 

(a) 42i/2'Feet of 1" x 1" x 14" Cold Drawn Steel Angle. 

(b) 28-Feet of l 1 //' x lV2 7/ x V&' Steel Angle. 

(c) 7 y 2 'Feet of 1" x 1" x 34" Steel Angle. 

(d) 7-Feet of V 2 " x 34 Steel Strap.. 


$12.70 

5.40 

1.36 
1.21 
1.43 
2.96 

.75 

6.37 
1.54 

.30 

.07 


Total Material Cost 


..$34.09 
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Labor 

1 . Cutting, drilling, finishing 6? installing wood tops.$ 8.08 

2. Cutting of angles, shearing and braking... 9.03 

3 . Setting up and positioning between welds. 2.16 

4 . Welding. 

(a) s Ae" Fillet Welds. 268 inches at .014... 3.75 

(b) Butt and flush corner welds. 87 inches at .019. 1.65 

Y Grinding ..-.-.-...52 


Total Labor Cost.....$25.59 


Finishing 

1. Total cost of spray enameling and baking. 


.$ 2.94 


Recapitulation 

Material, $34.09 plus Labor, $25.59 plus Finishing, $2.94 plus Overhead 
(at 45%) gives Total Cost, Arc Welded._..$90.80 


Comparison of Arc Welded and Gusseted Construction 
1. Additional material required for gusseted construction. 


(a) x / 3 of 36" x 96" x #11 Ga. C. R. Steel Sheet.$ 1.92 

(b) Screws, nuts and lockwashers . 4.10 


2 . 


Total . 

Difference in labor costs. 


Welded 


(a) Welding .$5.40 

(b) Cutting and forming gussets. 

(c) Drilling and countersinking holes . 

(d) Setting up and assembly. 2.56 

(e) Grinding.52 

(f) All other labor costs are equal... 


.$ 6.02 


Gusseted 


$ 7.60 
12.16 
8.64 


Totals .$8.48 $28.40 

Net Increase—Gusseted Construction—Labor .$19.92 


Recapitulation 

Increased Material $6.02 plus Increased Labor $19.92 plus Overhead 
(at 45%) gives $37.51 as Total Increased Cost—Gusseted. $90.80 plus 
$37.51 gives Total Cost, Gusseted.-.$128.31 
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Total Cost Saving in Percentage—Conclusion 



Gusseted 

Cost 

Welded 

Cost 

~ ~NeT 

Saving 

Four-Position Receiving Table.. 

..$108.92 

$ 81.30 

$27.62 

17.98 

37.51 

256 Jack Turret . 

Four-Position Sending Storage Table.. 

.. 111.28 
.. 128.31 

93.30 

90.80 

Reperforator Switching Unit Complete... 

..$348.51 

$265.40 

$83.11 


NET SAVING $83.11 

- equals - equals 23.8% 

GUSSETED COST $348.51 

23.8% equals percentage cost saving arc welded! 


Estimated Total Annual Gross Savings—(a) Calculation of the estimated 
total gross savings for a period of years is impossible because variation in busi- 
ness conditions will necessarily affect the policy of the company as to the scope 
of new installation programs. 

However it is possible to calculate these savings accurately for the year 
1942 since a definite program for this year is now under way. Savings for 
future years may fall above or below these figures depending upon business 
conditions. 

Following is a computation of the total gross saving for 1942 based on the 
installation of partial reperforator switching systems in 18 cities and complete 
reperforator switching systems at Dallas and St. Louis. 

The total number of the items described in this paper which will be 


required for the 1942 program is as follows: 

Four-Position Receiving Tables... 155 

256 Jack Switching Turrets... 52 

Four-Position Sending Storage Tables. 105 


On the basis of the savings indicated in the cost analyses herewith, the 
total savings for 1942 by the use of arc welding as compared with gusseted 
construction may be computed as below: 


Saving 

Four Position Receiving Tables.155 at $27.62 

256 Jack Switching Turrets__ 52 at 17.98 


Four Position Sending Storage Tables....105 at 37.51 


Total 

$4,281.10 

934.96 

3,938.55 


Total Saving for 1942....$9,154.61 

The above tabulation of savings does not take into consideration the saving 
in rental for the additional floor area in the operating rooms which would be 
required if gusseted tables were used instead of the arc welded type. A com¬ 
putation of the savings accruing as a result of the reduction in floor area re¬ 
quirements could not be made unless a complete redesign of the unit were 
undertaken. This would necessitate a detailed study of the proper relocation 
of equipment on the various items involved, taking into consideration the limi¬ 
tations imposed by operating practices etc. Such a study is beyond the scope 
of this paper and it is believed sufficient to merely call attention to the fact 
that considerable additional savings in this respect are made possible by arc 
welded construction. 
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(b) Since industry in general will not produce structures of the type 
described in this paper, no data on this factor of judgment can be given. 

Advantages Contributed by Arc Welding—The advantages to which arc 
welding has contributed directly as set forth in this paper may be summarized 
as follows: 

1. Improved communication as realized by 

(a) Reduction of message handling time to 25 per cent of the 
time required for manual handling. 

(b) Gain in accuracy of message handling. 

(c) Increase of circuit capacity. 

2. Reduction of physical and mental effort and fatigue of the operating 
personnel. 

3. Increased structural strength and rigidity of equipment. 

4. Economy of critical war materials. 

5. Economy and facility of production of this equipment. 

6. Economy of space requirements, thereby directly reducing office rental 
costs. 

7. Reduction of maintenance costs. 

In addition to the use of arc welding in the construction of the equipment 
described herein, maximum use is made of this modern method of manufacture 
in the design of many other structures used in the central offices of the tele¬ 
graph company, and for providing private wire facilities for large customers. 

Among the more important of these structures may be listed the following: 

1. Carrier telegraphy equipment racks and switchboards. 

2. Main office distributing frames. 

3. Office furniture and miscellaneous operating room tables. 

4. Facsimile telegraphy operating tables and concentrators. 

5. Large equipment assemblies and “streamlined” operating tables and 
turrets for private wire networks for large users such as the U.S. Steel Corp., 
Federal Reserve Bank System, Sears Roebuck and Co., United Airlines and 
Government Agencies. 



Chapter XIII—Special Check-Writing Machine 


By John H. Gruver 

Designer, Addressograph'Multi graph Corporation „ Euclid, Ohio 



John H. Gruver 


Subject Matter: The machine, weighing 3,260 pounds though 
of complex mechanism, runs very quietly and smoothly, in part 
due to the fitting and alignment of parts to an arc welded steel 
bed. This bed was to have been made of 4 cast iron members 
bolted together. Because of difficulty in getting precision align' 
ment with this design, the bed was redesigned and made of 
welded structural steel. The weight of the bed was thus reduced 
from 1,200' to 420-pounds and other advantages obtained, in' 
eluding increased life of the machine. The welded beds cost 
only one-fifth of the cast iron beds (for 6 machines), and saved 
8.3% on the cost of the machine. 


Machine Description—Simultaneously with the imprinting of checks, this 
special check-writing machine produces a check copy and three vouchers, or 
transcripts. In addition, it will imprint envelopes for the checks, addressing 
and numbering them. The machine produces 4,600 imprinted checks per hour. 

The check copy and three vouchers are fed through the machine and 
turned twice on angular bars. When completed, the vouchers show ten im¬ 
pressions uniformly spaced. These vouchers are then automatically cut into 
sheets, page numbered, certificate imprinted, reversed, and stacked in numeri¬ 
cal order. 

Major units of the machine include a pneumatically-operated feeder for 
the checks and envelopes; four-paper supply rolls individually driven by motors; 
and five imprinting stations automatically controlled. A dual-plate discharge 
makes possible continuous operation of the machine without interruption. 

The control unit governing the synchronous operation of the imprinting 
stations, the plate movements, the paper feed, and the page numbering units, 
is an additional interesting development which has been incorporated in 
this machine. 

The forced feed lubrication system is another interesting feature, with 
its approximately 200 tiny copper oil lines reaching from a master cylinder 
to all points of friction and to remote and otherwise inaccessible bearings 
throughout the machine. 

There is also a unique mechanical and electrical safety device which 
automatically shuts off the entire machine should any operating unit fail to 
function properly. Simultaneously, a trouble light signals to the operator 
the source of trouble. 

Despite the complexity of its mechanism, the machine runs quietly and 
with surprising smoothness. This fact is attributed not only to the use of 
harmonic developed cams and precision bearings, but to the skillful fitting 
and alignment of parts to a sturdy and secure arc welded structural steel bed, 
upon which rest 3,260 pounds of the machine’s weight. 
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Fig. 1. Spool side of check-writing machine. 


Arc Welding in the Evolution of Co-ordinated Design—When the bed 
of this Special Check Writing Machine was first designed, the stipulations 
were that the construction should consist of four cast iron members bolted 
together. This type of construction presented problems as to machining for 
maximum accuracy to accommodate the precision alignment of the functional 
units, and a search was therefore made for another method of construction. 
The remarkable possibilities of arc welding were investigated and its applica- 
bility was studied carefully. After a thorough investigation it was decided 
that the desired results could be obtained by adopting this method. The bed 
was therefore redesigned and constructed of arc welded structural steel. 

Through the use of this advanced method of fabrication it became possible 
to redesign a bed constructed in one welded unit instead of four cast iron 
members bolted together, and at the same time reduce the length of the 
machine from nine and one-half feet to six and one-half feet, and the weight 
from approximately 1,200-pounds to 420-pounds. 

The simplicity of this construction also made it possible to machine the 
entire length of the bed to a degree of perfection so as to maintain the accurate 
alignment of the vital functional units. Likewise, it advantageously permitted 
the drive units, consisting of the motor, speed reducer, and vacuum pump, to 
be mounted in one compact assembly within the structure of the bed. 

Because coordination in the design of the machine evolved through simpli¬ 
fied construction which was made possible by the use of arc welding, this 
check writing machine, despite its size, has a compact business machine appear¬ 
ance. This fact can be readily appreciated by inspecting the photograph. 
Figs. 1 and 2. 

Proportionate Cost Savings —The use of the arc welded bed construction 
permitted a saving of 8.28 per cent, as compared to the cost of cast iron 
construction. However, this was not the only cost reduction which was 
realised, as the use of the arc welded one-piece bed reduced assembly cost 
considerably. 
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Fig. 2. Arc welding permitted simplified construction. 

Gross Savings Accruing—The adoption of arc welded construction not 
only resulted in savings in material and machining labor, but also eliminated 
the necessity for pattern equipment and temporary tools. The table which 
follows shows the savings effected by the use of arc welding in the manu¬ 
facture of our special check-writing machines. 


Cast Iron Construction Cost 
Pattern Equipment____ 

1 Machine 
...$ 563.00 

6 Machines 
$ 563.00 
219.00 

Temporary Tools .. 

.. 219.00 

Assembly Material ____ 

.. 37.50 

225.00 

Machine Material --- 

. 795.00 

4,770.00 


$1,614.50 

$5,777.00 

Arc Welded Steel Cost 

Material ____ 

.$ 21.00 

$ 126.00 

Machining .-.. 

. 174.00 

1,044.00 


$ 195.00 

$1,170.00 


As shown in the foregoing figures, total savings resulting from the use of 
arc welded steel construction for the beds of these machines amounted to 
$1,419.50 for one machine and $4,607 for the six machines. 

Increased Service Life, Accuracy and Efficiency—The service life of this 
entire complex machine, (the Division of Disbursements, U. S. Treasury, has 
six of these machines in constant operation), was increased because the intricate 
operating mechanisms were assembled securely to a rigid one-piece bed. This 
bed, which has a length of six and one-half feet, has had the entire top surface 
machined by a .050-inch planer cut, thus proving the accuracy of arc welded 
construction. 

As a consequence, these machines are meeting, efficiently and effectively, 
today's heavy production schedules because the welded construction endures 
rontinuous peak production. 
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Conclusion —Although our experiment with arc welding had proven most 
profitable, welding engineers were called in to inspect the welded bed. They 
were able to offer suggestions which contributed to the making of further 
improvements on the five additional special check-writing machines which 
were subsequently constructed and delivered to the Division of Disburse- 
ments, U. S. Treasury, Washington, D. C. 



Chapter XIV—Downdraft Ventilation for Welding Shop 

By Hugh T. Monson 

Plant Engineer, The Euclid Road Machinery Co., Euclid, Ohio 



Subject Matter: Unsuccessful attempts were made to exhaust the 
smoke-laden air from a large welding shop and welding booths, 
each to accommodate four welders and taking assemblies up to 
16 feet wide, were then designed for welded construction, with 
downdraft ventilation provided by fans which exhaust the air 
through 42-inch stacks. The cost of the booths is estimated as 
$2,258 and of the whole installation $11,137. It is believed that 
5 —10% greater production will result from the improved work- 
ing conditions. 


Hugh T. Monson 


Present-day production in our era of world crisis leans heavily upon electric 
welding for producing equipment varying from huge battleships to small 
motors. 

In this wide range of products is a group of manufacturers fabricating 
items whose sue is of neither extreme mentioned above. They make army 
tanks, trucks, busses, etc., that generally require indoor fabrication of large 
welded assemblies. 

The writer is engaged in a company manufacturing earth-moving equip¬ 
ment. This company, like all the others manufacturing articles of similar 
sue, has struggled with the problem of properly ventilating the welding shop. 

The Problem —Welding without proper ventilation is annoying, but is 
not a serious health hazard. Welding of galvanised sheet metal may cause 
a temporary illness, or fever, commonly known as “sine shakes” or “galvo” 
caused by the breathing of sine oxide in the form of a typical welding fume. 

Metal-fume fever, if acquired, is a condition which usually passes off 
within a few hours. It is seldom encountered, for its acquisition through 
breathing iron oxide, the most common of the metallic oxides, is quite 
problematical.* 

However, there is a more serious problem than health to the average 
industry. Improper ventilation results in less production, for the following 
two reasons: 

(1) Too much smoke or welding fumes cause more time to be taken off 
for fresh-air walks and for drinks of water. 

(2) Too much heat accumulates around the welder in warm weather. 

The problem therefore is to obtain proper ventilation around these large 

assemblies in order that we may better working conditions and thereby in¬ 
crease production. 

♦“Control of Welding Hazards in Defense Industries’’ Special Bulletin Ho. 5, United 
States Department of Labor. 
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Fig. 1. The two hoods. 


Development of the Problem—In the plant with which the writer is 
associated, increased use of welding in manufacturing, added to a healthy 
business growth, presented the welding ventilation problem. 

The solution to this problem was placed in the hands of the author in line 
with his regular duties. 

As an introduction to the investigation of the welding smoke problem, 
manufacturers of fans, welding wire, and welding machines were consulted. 
Very few suggestions were received, but the consensus of opinion was to 
exhaust the welding area in a general way, for the product was too large to 
set up in conventional booths—and to make it more complicated—hoods could 
not be used because the various parts making up the assemblies were so heavy 
that overhead traveling cranes were required throughout the welding plant to 
handle the production material. 

The welding bay is 50feet wide by 116'feet 6'inches long, with a ceiling 
height of 27'feet. It is adjacent to the structural fabricating department and 
had no separating wall or partitions between. This open condition allowed the 
smoke nuisance to be general throughout the plant, for the blowers on the 
unit heaters would distribute the smoke quite generally. Complaints were 
numerous. 

The first step in the solution was to put a steel curtain wall between the 
structural and welding bays from the ceiling to within ten feet of the floor. A 
fan was placed in the welding shop on each end of the building monitor to 
create a general flow of air from the structural to the welding bays, thus 
preventing smoke from leaving the welding department. The two fans thus 
purchased moved 20,000 c.f.m. of free air, giving a general flow of air under 
the curtain wall of 

^000 X 2. Qr approximately 24dineal feet per minute. 


Results were immediate in every department except the welding shop itself. 
There no longer was any smoke in other parts of the plant, but the welders still 
had heavy smokedaden air to breathe. It was apparent that more air had 
to be removed, but was it practical to exhaust so large an area as this— 
178,000'cu. ft.? 

It was decided to let the problem ride along for a while—in the meantime 
further consulting would be done. 
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Fig. 2. Welding in the paint booth. Note flow of smoke. 

The next practical suggestion came from a representative of the Cleveland 
Safety Council who suggested that a fan-vented hood be built over the large 
assemblies in the building trusses above the crane runway. This is high for a 
hood, but it seemed practical for most of the welding was concentrated in 
these large assemblies. 

A large hood 18-feet wide by 40-feet long by 6 -feet deep was built over 
the one area for large assemblies. Considerable ventilation was needed, so a 
large fan was placed in a penthouse above the roof and located centrally in 
the hood. This fan moves 29,000 c.f.m. of free air. 

The new installation improved the condition further. Smoke would rise 
into the hood and immediately be exhausted. The improvement warranted 
doing the same thing over the other welding assembly station, so another hood 
was built. These two hoods are shown in Fig. 1. One hood is shown almost 
completely, and a portion of the inside of the second is shown in the upper 
right-hand corner of the photograph. The building monitor runs between the 
two hoods. 

Throughout the development of ideas on this problem the shop welders 
have offered suggestions. Through their union representatives, they requested 
that a flexible tube, local exhaust system be installed for miscellaneous welding 
of small parts. This was done but did not prove very satisfactory, for the men 
did not want to continually move the flexible tubes. It is now totally discarded. 

Direct cost of this entire development to date is as follows: 


Steel Curtain Wall, Installed____$ 926.00 

Fans in Monitor, Installed__ 491.00 

Hoods over Assemblies, Installed__ 902.00 

Fans in Hoods..... 508.00 

Flexible Tube, Local Exhaust System, Installed___ 932.00 

Penthouses for Hood Fans_____ 230.00 

Electrical Wiring—Estimated . 400.00 

Unit Heaters, Installed. 375.00 

Total... $4764.00 
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This brings the physical progress up to date in the welding shop. The-, 
problem is partly solved but definitely not satisfactorily solved. 

Progress, in America at least, always stimulates the desire for. further 
improvement, and the progress made on the problem herein discussed is no 
exception. 

A 'Slew Idea —While the company was engaged in the welding ventilation 
problem, another problem was being solved. This problem was the'.removal 
of fumes and spray particles from spray painting. It was solved with a 
patented DeVilbiss downdraft water-wash exhaust booth. 

The author conceived the idea that perhaps this new system would work 
with welding smoke. However, there are two fundamental differences between 
removal of spray paint and welding smoke: 

(1) Spray paint particles are heavier than air and tend to settle, while 
smoke particles are nearly the same weight as air and tend to rise because 
of the heat generated by the arc in welding. 

(2) Spray particles have considerably more inertia, which affects their 
movement. 

Welding in the existing paint shop would certainly be worth a trial to 
determine the results. 

The Experiment— The welding fixtures for a truck body were set up in 
the paint shop on Thursday, May 21, 1942. A truck body was selected for 
the test for it seemed the most difficult of the assemblies from an airflow point 
of view, due to its eight-foot width through which no air could flow. 

The results were very satisfactory and are indicated in the following 
photographs. 

The sides of the truck body are first welded. Fig. 2 and Fig. 3 show this 
welding in the paint booth and the flow of smoke. Smoke flow is away from 
the operator and does not get up to his helmet. Fig. 4 shows the same set-up 
in the present shop under the hood mentioned previously. A corner of this 
hood is shown in the upper left-hand corner. The smoke does not show in 
this photograph, but it was rising straight up. 

The second welding position on the body is shown in Fig. 5 and Fig. 6 
in the booth, and Fig. 7 in the usual location in the shop. Fig. 5 shows the 



Fig. 3. Another view of welding in the point booth illustrating smoke flow. 
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smoke as it leaves the arc and flows under the helmet. Fig. 6 shows better 
the continuation of the smoke flow past the man's legs. Fig. 7 shows the exist¬ 
ing conditions—how the smokes goes upward past the man's helmet. Under 
these conditions a welder breathes the welding fumes—he cannot do otherwise. 

The third set-up is welding inside the body. Fig 8 and Fig. 9 show 
these positions in the booth and in the shop respectively. It is nearly impossible 
to see any smoke in Fig. 8, since it did not record very well on the film. How¬ 
ever, the.smoke went up eighteen inches or so above the body and then came 
downward along the outside of the body. The difference in atmosphere above 
the truck body in each of the pictures can readily be noted, for there is a 
considerable amount of smoke above the welders in Fig. 9. 

Since these assemblies stand rather high in this booth (a 12-foot booth), 
it was decided to make the welding booth two feet higher, or 14-feet overall. 



Fig 1 . 4. Welding under hood. 


Design and Description of the New Booth—The design of the new 
booth was made by the author upon principles given him by The DeVilbiss 
Co., manufacturers of dowmdraft booths for spray painting. 

This special downdraft arrangement consists of one side-enclosed cham¬ 
ber, or booth, with a pair of three-section folding doors on one end. It is open 
at the top to permit the entrance of free air. 

The booth has a top opening of 12 x 24-feet or 288-square feet. The air 
moved through this booth is 45,060-cubic feet per minute, leaving a lineal 
or facial velocity through the top opening of 156-feet per minute. This is 
somewhat in excess of the velocity used in paint spray booths, which runs about 
125 to 135-feet per minute. The excess velocity was thought desirable because 
of the heat 1 generated by the arc. It should be noted that working in moving 
air of this Velocity does not seem to cause any objectionable drafts. 

The top of the side walls slope inward at an angle of 45 degrees, and 
along these slanting panels there are openings to accommodate 12 light reflectors 
of a long range design which will accommodate 300- to 500-watt light bulbs. 

An area 16-feet wide by 24-feet long is provided for the road machinery 
assemblies to be welded in the booth. The 14-foot sides of this enclosed 
area are supported by six 4-inch pipes imbedded two feet in concrete. There 
are no cross braces on the top opening so that material may be handled into 
and out of the booth freely with an overhead traveling crane. 

The air entering the booth at the top flows downward to the bottom of 
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each of the side walls where it enters a two foot wide opening running the 
full length of the booth. Passing through this opening it enters a chamber 
nine feet high by two feet wide. The air flows along this chamber to the rear 
of the booth where it enters a 42-inch vertical stack through which it is 
exhausted to the outside atmosphere. There is a vertical stack for each side 
of the booth, each containing an exhaust fan which moves 22,5 30-cubic feet 
of air per minute at J/ 4 -inch static pressure. Each of these fans is driven 
through a Vee-belt drive by a 3-horsepower, 1725 revolutions per minute 
motor specified for 220 volts, 60-cycle, 3-phase current. 

Two design characteristics should be here noted: 

( 1 ) That the side air chambers (9-feet x 2-feet) are rectangular in vertical 
cross section from front to rear of the booth. This nine foot dimension is 
maintained for the full length in order that the point of minimum quantity 
of air flow (the front of the booth) has the minimum amount of air restric¬ 
tion. 

(2) That J/ 4 -inch static pressure is used for calculating fan specifications 
in dry systems with normal flow restrictions. 

It should be noted also that the exhaust stacks, which extend about 6 feet 
above the roof, are located in a lean-to about ten feet high at the rear of the 
shop. This lean-to is an existing building. 

Provision is made to anchor the stacks with guy wires and to drain rain 
water from the base of the stacks. Automatic dampers are located in the 
stacks to prevent cold air from being drawn into the building by exhaust fans 
in other booths if the booth is not in operation. A roof flange is provided, 
and also a removable panel for access to the exhaust fan. 

The sides and rear of the booth are constructed of 2-inch x 2-inch x ]/*-inch 
angles welded into three separate frames for each side and the rear. To these 
frames are welded the same sise angles for vertical reinforcement approxi¬ 
mately every three feet along the length of the panel. Each frame is covered 
by 18-gauge black steel sheet tack welded to the frame. Air chambers, doors, 
etc., are of similar construction— 2 -inch x 2 -inch x ]/*dnch angle framework 
covered by 18-gauge sheet. Sides are welded to pipe columns and remaining 
assembly are welded together. 

The booth is painted dull black inside and out to minimise welding arc 
reflections. 



Fig. 5. Second welding position in bootlu 
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Fig. 6. Another view of the second welding position in booth. 


Shop Layout—Four booths are provided as shown—two 16-feet wide 
and two 12-feet wide. 

The 12-foot booths are of the same construction as the 16-foot booths. 
They are provided with two JJ-607 DeVilbiss 34-inch diameter propeller-type 
fans each moving 14,750 c.f.m. of air at J^-inch static pressure. Each fan 
is driven by a 2-horsepower 1725 revolutions per minute motor. The top 
opening for these booths is 9-feet wide and the bottom openings at base of 
each side panel are 18-inches high. The width of side air chambers is also 
18-inches. 

The steel curtain, shown on drawing, is raised to within seven feet of 
the shop ceiling which cuts the velocity of air flow from the main plant, from 
which half of the 159,120 c.f.m. required for all booths will be drawn. This 
leaves a lineal air velocity of approximately 34-feet per minute. 

The flow of material through the welding shop is indicated by arrows. It 
comes in from the fabricating or structural department as shown and leaves 
for painting where shown. 

All welding will be confined to the booths with the exception of tack 
welding in set-up areas indicated. Smoke from set-up welding will be exhausted 
from these same booths, for all present fans will be removed leaving all air flow 
through the booths. 

Four welding machines are provided in each booth. One man of the four 
operating in each booth will be a booth foreman, responsible for the output 
of his booth because the enclosure prevents the welding supervisor from 
watching operations. 

Large assemblies will be welded in the two large booths; small parts and 
smaller assemblies will be welded in the smaller booths. 

Welds will be cleaned in the building where indicated. 

Three unit heaters will be provided as shown. One heater will operate 
on and off automatically with each of the two large welding booths. The 
third heater will operate automatically with either or both of the small booths. 
All intake air for these units is to he taken from outdoors. 

Cost Savings through Installation of New Booths—Since the welding 
smoke is still such a nuisance in the welding shop, it is known that its elimina- 
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tion will improve working conditions for the two reasons previously mentioned: 
the smoke nuisance in winter will be practically eliminated, and the heat 
nuisance in summer will be greatly reduced. 

Because this idea of downdraft ventilation was conceived too recently to 
get any further than the design and experimental stage at the time of writing 
this paper, the proportional cost saving over the previous ventilation method 
—in terms of production—can only be estimated. 

For calculation purposes this will be estimated low. The author, the 
methods department, and the factory manager believe a ten percent increase 
in production can be attained by improving working conditions as proposed, 
but for purposes of calculation a five percent increase will be used. It is 
certain that three minutes out of every hour will be saved in this shop. 

This saving applies to the welders in each of the four booths and to 
everyone working in the welding department. In ..calculating the annual 
saving derived, only the welder’s time will be figured. The output of the weld 
chippers, or cleaners, will not be taken into account, in order that the estimates 
made will be even more conservative. 



Fig. 7. Smoke travels upward past the welders' helmets. 


Estimated Total Annual Gross Cost Savings—The total annual savings 
derived from the installations of the arc welded booths in the company with 
which the author is connected will be again translated into terms of production 
in view of the fact that this company will not manufacture these booths for 
sale, but will use them as a means to cut costs in its own product. 

The gross annual saving to be derived will be as follows: 

The welding shop has been operating ten working hours a day on a five day 
per week basis with two shifts or 100 hours per machine per week. 

For twenty machines there will be 20 x 100 x 52 or 104,000 hours per 
year. 

At the company rate of $2.50 operating cost per hour, the total yearly 
cost of operating this number of hours is 

104,000 x 2.50 — $260,000 per year 

Increasing production five percent means that the company would produce 
105 

— 100 X 260,000 or $273,000 worth of work for $260,000 

The company, therefore, would save $13,000 per year. 
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Fig. 8. Third setup of welding inside the booth. 


Since there are operating costs in connection with the installation of these 
booths, these should be deducted. 

The operating costs include costs of electric current and coal used to re* 
place heat .removed from the building. 

The two large booths use six horsepower each, and the small ones four 
horsepower each. The heating units each require a five horsepower motor. 

(2 X 6) + (2X4) + (3 X 5) = 35 horsepower. 

Since 14 horsepower will be eliminated by removing the present fans, the 
net horsepower addition will be 

35 — 14 or 21 horsepower 

Assuming that these motors are 85 per cent efficient, the input to them is 
—since there are 746 watts in one horsepower— 

21 X 746 

-== 18,430 watts or 18.43 kw. 

. 0 !) 

Operating these motors 20 hours per day at the company cost of .67 cents 
per kwh. 

20 X 18.43 X -67 = 246 cents or $2.46 per day 

2.46 X 5 X 52 = $639.60 per yr., added cost of 
electric current for motors 

Cost of operating additional booth lights, assuming they will require light 
15 hours a day for all 48 of the 500 watt lamps: 

48 X 500 X 15 X *67 

-1000-= 241 cents or $2.41 per day 

2.41 X 5 X 52 = $626.60 per yr. added cost of 
electric current for lamps 

$639.60 + $626.60 = $1266.20 yearly cost of electric 
current 

The first heat calculation to make is the determination of heat capacity in 
B.T.U. per hour required to replace the heat loss of the air exhausted. This 
is necessary to determine the sffie of the unit heaters required.* 

*Heat calculations were made with the assistance of Mr. Valentine of the Consulting 
■engineering firm of Mayer & Valentine of Cleveland, Ohio. 
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There are 159,120 c.f.m. of air exhausted from the four booths. The tem¬ 
perature to be maintained in the welding department is 60 degrees F. when 
the outside temperature is 10 degrees above tero. The factor 55.5 is used to 
convert cubic feet air per hour into B.T.U. per hour for a given temperature 
rise. C.F.M. must be converted to cubic feet per hour. 


159,12 0 > < 60 (60-10) 
55.5 


8,600,000 B.T.U. per hour 


After a check was made with The DeVilbiss Co. on their experience with 
heat losses through spray booths, it was decided that half of the heat exhausted 
would be replaced. This judgment was based on the following reasoning. 



Fig. 9. Third setup of welding in the shop. 


(1) The area of the main plant from which the remaining 50 per cent of 
the heat is to be drawn is quite large. It comprises some 777,500'cubic feet. 

(2) The construction of this plant is sheet metal and glass through which 
a considerable amount of heat is lost through openings. This heat will now 
be taken out through the exhaust system. 

(3) Temperatures through the main plant will be maintained more uni¬ 
formly at the various levels above the floor, because of the amount of air 
circulation that will be caused by the fans. At present, temperatures in excess 
of 100 degrees F. exist under the roof. The air circulation will maintain a 
temperature under the roof that is more nearly the 65 degrees F. working level 
temperature maintained in this part of the plant. This gives a reservoir from 
which heat may be drawn, much of which is now escaping through openings 
in the steel building at temperatures of 100 degrees F. This is perhaps the most 
important consideration in arriving, at this 50 percent figure, for the heat 
that will normally go to building this temperature up and maintaining it can 
now be exhausted by the fans without notice. 

From this consideration it therefore may be said that 4,300,000 B.T.U. 
per hour will be provided, and since 500,000 B.T.U. per hour already has been 
provided for heating air that we now exhaust, this figure should be reduced 
to 3,800,000 B.T.U. per hour. 

Dividing this by the three unit heaters desired, there will be 1,267,000 
B.T.U. required of these heaters. Heaters having 1,250,000 B.T.U. per hour 
were selected. 

In order to compute the heat loss per hour for the season and the cost 
of coal therefrom, it was found that such calculations are based on an average 
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outdoor temperature of 3 5 . degrees F. for a seven and one-half month heating 
season in the location in which the company is situated. 

159,120 X (60-35) 

55.5 ’ 

Since half of this is to be supplied, and of that half there already is 
provided 500,000 B.T.U. per hour, there are 

— — ^ - - — 500,000 = 1,650,250 B.T.U. per hr. to be supplied 

This figure is converted into square feet of equivalent direct radiation per 
hour by dividing by 240, 

■ = 6,876 sq. ft. of E.D.R. per hr. 

Using lb. steam per sq. ft. E.D.R. 

8 

— -■= 1717.9 lb. steam per hour 

Assuming the boilers evaporate 7 lb. of steam per pound of coal burned, 

1717.9 - v 

--- = 245 lb. coal per hour 

With a coal cost of $3.89 per ton, and a 20-hour day operation, 

245 X 20 X 3.89 _ _ , r 

- —— -•= $9.52 per day cost of coal 

2000 * 7 

For five day week operation for lYz month heating season, 

9.52 X 5 X 4.33 X 7.5 = $1548.00 per yr. cost of coal 
$13,000.00 — (1271.00 + 1548.00) = $10,181 annual 
saving with this installation 

Cost of the Booths—It was decided to fabricate the welding booth in the 
company’s own plant. 

The estimated cost to fabricate and erect this structure is as follows: 

8400 lb. steel at $.03 per lb.$252.00 

125 hrs. labor at $2.50 per hr... 312.50 

Total cost for 16 ft. booth..$564.50 

This figures a cost of 

~840b _ ° r cents P er lb. for the completed prod¬ 
uct. This check seems to be in line with our costs for such a job. 


$9.52 per day cost of coal 


dR=)ne 


Fig. 10, Cross section of conventional panel. Fig. 11, (right). Cross section of are 

welded panel. 
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An attempt was made to get a comparative cost on a sheet metal booth of 
the design DeVilbiss uses, but no one was able to submit this figure in sufficient 
time. The writer s company is not equipped to do sheet metal fabrication. 

The sheet metal booth is made up in three foot panels around the sides of 
the booth as in the design sketched in Fig. 10. Fig. 11 shows the arc welded 
design. 

The sheet metal design requires forming each edge round, bending the sheet 
at 90 degrees, and punching holes every Hunches in edges where indicated. 

There is a considerable amount of assembly work after the panels are fabri¬ 
cated. 

It is believed that this booth would cost 20 per cent more erected than the 
arc welded booth proposed. 

There is little difference in the costs of the 16-foot and 12-foot arc welded 
booths, so the four will be considered to cost the same price each. 

564.50 X 4 = $2,258.00 Total Cost of Booths 

Cost of Installation —The cost of this installation is as follows: 


Motors and Fans, DeVilbiss Co...$ 1,712.00 

Heating Equipment, estimate by Mayer 6*? Valentine...__ 4,000.00 

Light Reflectors, Elliott Electric Co____ 167.00 

Electrical Installation, estimate by Parker Electric Co., includes 

labor, switches, controls, conduit, wire, etc... 3,000.00 

Welding Booths, Installed_____ 2,258.00 


$11,137.00 

Note the comparison of this installation for $11,137.00 against $4,764.00 
spent for previous installation which did not reduce welding costs by in¬ 
creasing production. 

On this basis the installation would pay for itself in approximately thirteen 
months, which makes it an excellent investment. 

It should be noted that the existing boilers have sufficient capacity to 
handle this extra heating load, but will have to be forced in extreme weather. 
Boiler capacity is an important consideration in the analysis of this problem. 

Application to Industry in General —The downdraft ventilation idea 
for welding booths is a new application of an established ventilating idea. The 
new application has been successfully tested, as previously described and 
shown. This idea is believed to offer considerable merit for any plant engaged 
in manufacturing large welded assemblies. If applied, the arc welded booth 
as herein described can readily be made by the company desiring the booth. 

Cost advantages should prove favorable in most all cases. 

There is still another suggestion not previously mentioned. In plants weld¬ 
ing small bench assemblies, an open steel grating could be used for a table top 
with downdraft ventilation through the table grating in a similar application. 

Social Advantages and Conclusion —This paper so far has treated down- 
draft ventilation in terms of dollars-and-cents results without much mention of 
the social advantages to be gained by its adoption. 

It means a great deal to a welder's peace of mind to have the room in which 
he works clear of smoke as soon as he stops welding, and to have the smoke 
pulled away from his helmet while he is welding. Although the health hazard 
is not serious, it exists and undoubtedly worries the average workman who is 
forced to inhale smoke all day. 
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The welders used in the experiment, and their foreman, showed consider¬ 
able enthusiasm. They commented that this was something that should have 
been done long ago, and that at other plants in which they had worked the 
same problem had been worked on without satisfactory results. 

The evening on which the experiment was conducted was somewhat warm, so 
quite a bit of emphasis was put on the cooling effects of this ventilation. The 
movement of air not only carries away the heat, but also evaporates perspira¬ 
tion from the body and cools the body accordingly. Welding clothes, of course, 
are quite warm in the summer time. 

The most remembered remark made by any of the welders used in the 
experiment was, 

k "We certainly could do a lot more work under conditions like these/ 1 



Chapter XV—Thoughtful Welding of Machine Parts 
By A. E. Niederhoff, 

Senior Engineer of Design, U. S. Army Engineers, Portland, Oregon 


Subject Matter: Miter gates and gate machinery of unprece¬ 
dented she are used on the lock lifts to raise ships from the 
Columbia River to the reservoir behind Bonneville Dam. The 
machinery includes 4 sector arms subject to large varying stresses, 
both bending and axial. These were to have been steel castings, 
each weighing 1,350 pounds but actually were made of a part- 
cast and part-welded design. In the winter of 1941-42 one failed 
due to ice in the locks. It was quickly repaired by welding at 
large saving. The others were then removed, straightened, and 
reinforced by welding. In 1942 an all welded sector arm was 
designed, and though of higher “cost in place,'’ it is stronger, 
more durable, and much more easily and quickly obtained. 


A big difference exists between machinery designed for welding and just 
welded machinery. Where thought is given to modern proportioning of 
parts, working stress in the welds, time element, fabrication costs, number 
of individual pieces and final appearance, the resulting machine will be found 
to be more serviceable, more durable and will frequently cost less initially 
than a machine that was “just welded”. The science of designing welded 
machinery has progressed in the last five years to a point where predictions 
of adequate performance can be made if the basic principles of mechanics 
and metallurgy have been followed in the design. 

A case in point is the heavy machinery used to open and close the miter 
gates on navigation locks. At Bonneville, Oregon, one of the highest lock 
lifts in the world literally raises ocean going boats from the lower Columbia 
River to the deep reservoir behind Bonneville Dam. The height of lift and 
the deep draft of ships necessitated the use of miter gates and gate operating 
machinery of unprecedented si*;e. The gate machinery is located in the 
concrete lock wall near the top of the gate and consists of a motor driving 
through a flexible coupling, gear reducers, gear train, sector wheel, sector 
arm and an operating strut connected to the gate. 

The sector arm, designed by the U.S. Army Engineers in 1935, was a 
carbon steel casting weighing approximately 1350 pounds. When assembled, 
it is bolted to the sector with launch diameter fitted bolts. The other end 
of the sector arm is pinned to one end of the operating strut. 

Stress in the sector arm is combined bending and axial stress and is figured 
on the basis of 250 per cent of the normal torque of a 30 horsepower motor 
running at 792 revolutions per minute. Actual measurements of force to open 
the large gates in moderate weather and without wind indicate that less than 
a six horsepower motor is required for this duty. However, the gates must 
be operated against abnormal loads such as wind, ice and opposing currents 
in the water. For this peason a large prime mover is chosen and the rest of 
the machinery designed to resist stresses imposed by this motor operating at ^ 
a maximum torque of 250 per cent of normal. 
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Fig. 1, (above). Old sector arm repaired with welded reinforcing plates. Fig. 2, (below). 

New arc welded sector arm. 

There are only four sector arms required for the navigation lock machin- 
ery and the sub-contractor for the machinery elected to fabricate the sector 
arm of welded steel plate. This design employed a cast steel hub at the pin 
end and a cast steel bracket on the opposite end of the arm. Fillet welds were 
used throughout and no vee cuts were made in the parent metal. The lower 
flange was made of 1 ^< 4 -inch plate 9-inches wide and 7-feet, O-fcixic hes long. 
The web, fillet welded to the flanges and stiffeners, was made of lj/ 2 'inch 
plate and had large lightening holes cut out of it centering on the neutral 
axis. It is to be noted that the lightening holes were considerably larger 
than allowed in the cast steel design. This web was carried through the top 
flange on the pin half of the arm, obviously to provide a more secure grip 
and longer lengths of fillet welding the cast steel hub. A top flange was made 
up of four distinct pieces of plate, each fillet welded to the other or to the 
web and without benefit of beveling or veeing the joints. Welded design 
of this type was considered acceptable in 1936. 

The winter of 1941-42 was an extremely cold one in the Pacific Northwest 
and ice formed on the Columbia River. An attempt was made to keep the 
navigation lock gates in operating condition by small, periodic movements 
during the cold snap. The idea was successful until one of the lock tenders 
coming on shift swung the gates too far, crushing and packing the ice be¬ 
tween the gate and the lock wall. The strain was more than the sector arm 
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could stand and it failed through the fillet weld and the corner of the middle 
lightening hole. 

Navigation on the river was stopped by ice and there remained about one 
week in which to repair the broken arm or to fabricate a new one. Steel 
shortage at this time made it impossible to make a new sector arm in this 
limited period so the broken arm was reinforced by carefully burning and 
chipping out a vee on the crack and electric arc welding the severed parts 
together. Only a small amount of welding rod was deposited in the vee at 
each pass of the “stinger” and each bead was carefully peened to relieve 
locked in stresses and to improve the grain structure of the weld metal. In 
addition to joining the parent metal by arc welding, the three outsize 
lightening holes were fitted with beveled lJ4'inch plate (the only thickness 

of steel plate on hand) and welded all around. Drai- provided 

a one inch diameter hole drilled in these fitted plate The entire ref 
and reinforcement of the arm was carried out by arc Ming, (See Fig. 
and the success of this emergency application of the p* indicated 

the fact that the reinforced arm has been on duty for months without 
apparent distress in any of the parts. 

Inspection of the remaining three sector arms showed them to be bent 
and strained in the same place as the arm that failed. It was decided to 



Fig. 3. New arc welded sector arm in position. 
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make an all arc welded spare sector arm, (See Figs. 2 and 3), to be substi¬ 
tuted for the distressed arms, one at a time, and to permit repair and rehabili¬ 
tation. Straightening the old arms and fitting plates in the outside lightening 
holes cost $147.21 per arm divided as follows: 


Shop labor (welder and helper). $60.00 

Reinforcing material ___-.—- 13.49 

Labor for straightening and machinery. 48.00 

Shop and supervision expense.—. 25.72 


$147.21 

A 1942 machine part, an improved arm, was designed in four hours, 
material was delivered to the shop in two days and the complete fabrication 
and finishing took 216 man-hours making a total of approximately 8 days 
to make a part that would have required at least a month due to priorities, 
etc., if made of carbon steel casting. The cost was $458.60 divided as follows: 


Labor .$217.30 

Material . 188.14 

Shop and supervision. 5 3.16 

Total.$458.60 


It must be remembered that this arm is subject to the same loads as the 
original cast steel or the 1936 welded design. It differs from the earlier 
welded part in three vital respects. First, plate steel is used to make a lami¬ 
nated hub at the pin end instead of using a casting. The opposite end of the 
sector arm is also built up of arc welded steel plates instead of a casting. This 
done saved several days since the pressure of war production made it virtu¬ 
ally uncertain when a special casting could be made at local foundries and de¬ 
livered to the shop. Secondly, the top flange is made of one shaped plate, 
arc welded to the web. Where extra thickness and a keyway were required, 
%-inch doubler plates were welded on top of the top flange. The third im¬ 
portant change was the use of a solid web with relatively small drain holes 
drilled in it. 

Further mention should be made that the new design utilizes one thick¬ 
ness of plate for the web and flanges which is lighter construction than the 
previous design and permits greater ease in welding and a reduction in 
shrinkage stresses. The amount of welding on the flanges was reduced by 
making the top flange continuous through the critical section. The hub was 
built up of ring plates with the continuous web plate forming the central part 
of the hub. These ring plates were beveled and a vee weld of sufficient 
strength used to resist the moment produced by the maximum loading on 
the pin connecting the arm to the strut. 

In order to compute the maximum combined stress, it is necessary to find 
the strut loading produced by the maximum motor torque for various posi¬ 
tions of the sector arm so that the resultant strut loading can be resolved into 
components perpendicular (P 1 ) and parallel (P) to the neutral axis of the 
arm. If there is any doubt about the locations of the critical section, and this 
is apt to occur since it is difficult to visualize the effect of a combined stress, 
the stress should be found at several sections along the arm in order to find 
the maximum. In this particular case the position of the critical section was 
known because of the failure. 
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The following table gives data needed for the stress computation and is 
based upon 250 per cent of the normal torque of a 30 horsepower motor 
at 792 revolutions per minute and an overall efficiency of machinery of 70 
per cent. Position O indicates the position of the sector arm when the gate 
is in the open, or recessed^ position, and position 10, gate in closed, or mitered 
position. The angle, O, is the angle formed by the centerline of the strut 
and the neutral axis of the outer end of the sector arm, 


Position 

Max. Strut 

Load—Lb. 

6 

Deg. 

Load X 

To Sect. Arm 

Load 11 

To Sect. Arm 

0 

245,000 

25 

103,500 

222,000 

1 

172,000 

33 

93,700 

144,000 

2 

133,000 

43H 

91,700 

96,500 

3 

110,000 

54 

89,000 

64,700 

4 

94,500 

66 

86,400 

38,400 

5 

86,300 

78^ 

84,700 

17,200 

>6 

82,600 

93 

82,500 

4,130 

7 

85,500 

108 

81,250 

26,400 

8 

95,200 

125 

77,800 

54,600 

9 

123,000 

142 

75,700 

96,800 

10 

214,000 

162 

66,200 

210,000 


The combined stress at the critical section is the sum of the compressive, or 
tensile stress, and the maximum flexual stress, S = Sc + Sf 


= — and Sf = 


Me 


P 1 X 
I 


The cross sectional area of the critical section is 49.3 5-square inches. The 
neutral axis is found to be 11.2-inches from the narrow flange, the total depth 
being 21-inches, the moment of inertia 5,546-inches 4 , and the moment arm 
36-inches. 


a 49-35 

P 1 X c Pi 
13-75 


The following table gives values of stress for various position of the arm. 


Position 

P 

Pi 

P + Pi 

0 

4,500 

7,550 

12,050 

1 

2,920 

6,800 

9,720 

2 

1,950 

6,650 

8,600 

3 

1,310 

6,450 

7,760 

4 

770 

6,280 

7,050 

5 

348 

6,150 

6,435 

6 

84 

6,000 

6,084 

7 

535 

5,900 

6,435 

8 

1,100 

5,670 

6,770 

9 

1,960 

5,500 

7,460 

10 

4,250 

4,800 

9,050 
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For a comparison, the following table gives pertinent information concerning 
the strengths of the all welded arm and the welded and cast arm at the critical 
section. 


Item 

All Welded Arm 

Welded and Cast Arm 

Depth of Section. 

21 in. 

49.35 sq. in. 

5,546 in. 4 

495 in. 3 

4,500 p.s.i. 

7,550 p.s.i. 

12,050 p.s.i. j 

1,488 lbs. 

18 in. 

34.5 sq. in. 

1,986 in. 4 

220 in. 3 

6,430 p.s.i. 

11,300 p.s.i. 

17,730 p.s.i. 

1,510 lbs. 

Area of Section . 

Moment of Inertia. 

Max. Section Mod.-..... 

Max. Comp. Stress.... 

Max. Flex. Stress. 

Max. Comb. Stress... 

Weight... 



Weight comparisons between the cast steel, welded and cast steel, and the 
total welded arms are given below. A computed weight is the best informa' 
tion on the cast arm but the other weights were actually taken on a scale 
to make the data as accurate as possible. Costs are also listed based upon bid 
prices in vogue in 1935 for the cast steel and for the welded and cast steel 
arms. The 1942 costs for the improved arm were conscientiously kept as a 
matter of record. Emphasis should be given to the fact that a cheap part 
that fails within five years is not as economical as a well designed, durable, 
but more expensive part. 

Type of Arm Wt. in Lbs. Cost in Place 

Cast Steel (1935). 1350 $266.50 

Welded and Cast Steel (1936). 1510 231.60 

All Welded (1942). 1488 458.60 

The actual saving in making an all welded sector arm is more real than 
apparent. To make one cast steel arm would have meant that an expensive 
pattern must be made first, a priorities rating must be obtained from Wash' 
ington, D.C., a foundry would have to be located that was not jammed with 
war orders and could make the part within a reasonable time. Experience 
along this line indicates a minimum delay of 30 days for a casting and a 1942 
cost ranging up to $800. Actually, it would be problematical if the work 
would be done at all since all shops on the West Coast are contributing their 
facilities to the war effort. . # 

Any delay in traffic through the lock caused by a breakdown of operating 
machinery means a serious loss to shippers. This loss cannot be estimated 
but it suffices to say that dependability of machines is of the utmost import' 
ance. It is common knowledge that rolled plates are more dependable in 
strength than castings unless elaborate and time consuming methods of ex' 
animation are employed. Time could not be wasted in this instance. 

Thoughtful arc welding not only increased the strength of this machine 
part designed and fabricated under the author’s supervision but also en' 
hanced the appearance and reduced the time required for making the piece 
because materials were on hand. The arm has been in service for three 
months and under trials that sheared certain pins in other parts of the miter 
gate machinery, showed no distress or signs of failure. This actual, not 
hypothetical, case of applying modem design and technique of arc welding 
has solved another problem. 














Chapter XVI—Arc Welded Tubular Aircraft Jigs 
By Richard H. Holmes, 

Production Design Engineer, Curtiss Aircraft Co., Buffalo , K[ew T or\ 


Subject Matter: Arc welded tubular aircraft jigs make for cheaper 
and better production. How the production design engineer 
facilitates the design of parts and assemblies for easy tooling is 
first described, followed by a description of jigs and fixtures for 
the center wing panel of a large transport plane. Arc welded 
tubular steel affords the best, most rigid, and cheapest construe' 
tion of jigs. The material is also easiest to obtain. Savings of 
43-66% in labor cost are shown as compared with bolt and 
dowel construction on structural steel. The total saving amounts 
to $500 per jig and would total nearly a million dollars annually 
for the industry. There would also be few accidents to workmen. 


The key to successful production schedules in aircraft plants depends to 
a large degree on tooling. Aeronautical engineering has made rapid progress 
in the past ten years as a result of the many schools which have been estab- 
lished and the establishment of various research laboratories, but aircraft took 
ing has not been given the attention it deserves. No tooling schools of any 
consequence have been established. To the writer’s knowledge no books on 
aircraft tooling, jigs, and fixtures of real merit have been written. 

Development—One reason for this is that airplanes were not manu' 
factured on a really productive scale, and therefore extensive tooling was 
never thought to be necessary. However, in the past year or more, the 
situation in aircraft production has changed. To cope with the current 
accelerated war production for aircraft and to compete in the vast and 
lucrative transport markets of the future, aircraft tooling is expanding and 
developing rapidly. 

It will, therefore, be the purpose of this article to show how arc welded 
aircraft tubular jigs have, through careful planning, proved themselves in 
affording better production in the construction of Curtiss transports, over 
other types of jig construction. 

In an endeavour to represent the article in an intelligent, clear and inter¬ 
esting manner, the writer shall begin with a brief discussion on how the pro¬ 
duction design engineer facilitates the design of parts and assemblies for easy 
and simple tooling. How the production design engineer coordinates and 
cooperates with planning and tooling departments in selecting the type of 
jig and fixture needed, the method of constructing the jig and the material 
required; how in conjunction with the above the planner will route or plan 
the part or assemblies to be fabricated through the plant and how they shall 
be handled on the jigs; how the tool designer will begin and develop the 
design handed down to him from decisions made by the engineering and^ 
planning departments; how the shop when finally receiving the jig and fix¬ 
ture design, begins manufacturing on it. Then finally how the results, 
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Fig. 1, (left). Ends of casing torch cut for base of fixture. Fig. 2, (right). Casing torch cut 
for center panel of main assembly fixture. 


through ease of manufacture and costs analysis prove that the decisions and 
designs were correct. 

Coordination —In the Curtiss aircraft plants the primary purpose of the 
production design engineer is to be responsible for the parts or assemblies be-* 
ing designed to obtain maximum shop production. Experience has shown 
that about 90 per cent of the layout engineers do not have a very good 
conception of where a part goes to be made, how it is to be made, what tools 
are necessary to make it and how much it will cost to make it. The production 
design engineer and staff has usually had at least two years of shop experience 
in either tool design or production planning besides five to six years of actual 
layout and design in the engineering department. 

In addition they have a welbrounded education from some reputable 
engineering college. With this knowledge and experience they are constantly 
observing the process and procedure of the layout engineer in groups such as 
fuselage, wings, nacelles, power plant, etc., and making suggestions to him to 
improve his design. Assemblies that orginally started with eight or ten 
pieces are simplified to three or four. Further advice may provide bend 
radii to be made greater, and tolerances to be made more lenient, large parts 
to be broken down in order to facilitate tooling and manufacturing. Sheet 
metal parts are designed to meet requirements for blanking die, hydro-press 
or drop hammer operations. Proper materials to afford the greatest strength 



Fig. 3, (left). Framework, center panel, main assembly fixture. Fig. 4. (right). Another view 
of framework center panel main assembly fixture. 
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with the lightest weight are continually being recommended by the produc¬ 
tion design engineer. 

Since alloy aluminum may be purchased in a soft or hard condition, it is 
highly desirable to design and make parts from stock in the hard condition 
wherever possible. Soft stock, after forming operations, requires heat treat¬ 
ment to bring up to the tensile strength needed, and heat treatment is al¬ 
ways an expensive operation in aircraft manufacture. For instance, the 
parts must go to the ovens, then be allowed to cool, then back to the form¬ 
ing operation for restrike in order to eliminate the warpage caused by heat 
treatment. All this sometimes requires special fixtures. These fixtures should 
be minimised by designing the part properly and calling out the proper 
material. 



Fig. 5. Fixtures bolted and doweled to attaching faces welded to tubes. 

Probably one of the most important duties of the production design 
engineer is to see that parts are standardised as much as possible and that 
they are designed to be interchangeable with left and right hand conditions 
on the airplane. From the foregoing it should readily be observed then 
that the design of a part must be considered with relation to the design of 
the tool which is to hold it in place. Simplification and more simplification 
of design is essential so that tooling can be made simple and fool-proof. 

In order to assure himself on signed approvals made on engineering lay¬ 
outs, detail and assembly drawings, the production engineer will coordinate 
the problem with the production planning department. Through this coordi¬ 
nation and cooperation between departments, the design is “frozen'” on the 
engineering layout board and costly changes and delays are thereby mini¬ 
mized before they reach the shop. To give a brief and clear understanding 
of the planning department it will be wise to describe the function of the 
planners. These men plan the intricate routing of the part through the 
plant. That is, they write operation sheets showing which department is to 
start making the part, what loft templates will be needed to make the pattern, 
what machines and tools will be needed, what type of processing will be 
used on the parts, what time or priority is essential in each department for 
the part to be ready at the correct time, etc. As an illustration refer to opera¬ 
tion sheets I, II and III. 
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OPERATION SHEET JJ- 

0201 ^051* Alclad 2MS0 approx Si" x 13" 20-020-1059-4 

-ttpfr7-L y pe I 


“Mot 

Drill locating holes & 
fasten stock. 10 labia 

17 Route complete 


( 32) 2O-Q20-jAjp 
tJTfirtlttiig-t eopp 

(31)20-020-10^9- 


ANO ]/ Q" HOLES 
Burr holes 


te«p. p ar 

Inspection 

25 Rework: ae necessary 


!faJEl2- 

hyd.pre4s 20-020-1059-|4-T31L 
rorm block. ( aj 

form block( stjeel) 


Heat treat 
25 Line up 




JL3 -15- 

17 


Chromic acid dip 
.Insp ection 
-P±r r±ehf p er-spec . 
Inepectlon 


20-020-10^9-^-Tl6 
form block ti 


20- 020-1059-? L/R 2 -020-1059-4 L/ 

The planners also give the orders for the type and amount of jigs and fix¬ 
tures to be made. Further recommendations to simplify the part or assemblies 
after a more detailed investigation by the planner may be made here. This is 
called a ^Planning Request for Engineering Change” and is submitted in 
writing to the production engineer for consideration. 

Design—The writer realises that to cover thoroughly the large scope of 
engineering, planning, tool design and shop plans, and preparations in order 
to make jigs and fixtures for an entire airplane, would be an enormous task. 
It would take more words and illustrations than are normally found in a 
thick textbook. 

However, to illustrate a condition that presents a similar method and 
problem on the same airplane, one should select a typical condition. The 
typical condition for jigs and fixtures in this case will be the center wing 
panel of the largest twin engine transport in the world. As has been men¬ 
tioned before, the production design engineer coordinates with the planning 
and tool design department during and after the conception of the design. 
After a few conferences held between key personnel of the engineering, 
planning and tool design departments, it was decided to build the panel- 
trailing edge down for the following reasons: 

(a) Minimum amount of jig and fixtures are removed in extracting the 
wing vertically. 

(b) Ease of extraction is further induced because of the wing’s natural 
taper toward the trailing edge. 
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OPERATION SHEET2ZT 



20-020-1059-2 l/R 20-020-1168-3 L/R 


(c) Approximately five feet of height may be saved on the jig structure 
because the leading edge assembly shall be assembled on a subassembly jig 
and will require no further jigging on the main wing panel jig. 

(d) Key held fixture points, such as flap supports and aileron hinge 
brackets are close to the fioor where rigidity and working facilities are maxi¬ 
mum. 

(e) Low jig structures mean less left for workmen to raise equipment. 

The tool designers working under the direction of the planning depart¬ 
ment took the foregoing decisions and proceeded to thoroughly visualise the 
parts and assemblies to be held. Tool orders were submitted (Refer to “Tool 
Order”) and the design of the jig and fixtures began. After considerable 

TOOL ORDER 

Part name__ Part No. 


2 

No. Pcs. 1 

John Doe 

Ord. By 

447-020 

Ord. By 

Date 4-2-42 

Tool No. 

Type of Tool 

Des. By 

Remarks 

20-020-1000 

Arc Welded 

Tubular jig 

MAJOR ASSEM. 

Curtiss 

Design as sketched by 
production design 
engr., and planners. 
Consult foi further info. 
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consultation and coordination with the writer, due to his position and previ- 
ous experience in large jigs, the following basic principles in good jigging 
were submitted to assure accuracy and interchangeability of parts. 

I, Rigidity of Structure—a) Minimizing of deflection by using heavy 
steel members such as tubes and channels for main frames. 

II, Accuracy—a). Adjustable pads to correct jigs deformations and 
deflections; b). Foolproof in order that inexperienced men may not jig 
parts incorrectly, c), hdain construction to be adapted for use in future ship 
construction; d), Jig construction to readily take removable wheels, so that 
it may be rolled and relocated at any time. 

III, Accessibility to Part a), Ability to retract fixture so that part may 
be readily removed, b), Clearances for rivet guns and tools; c). Opening for 
men to get through: d). Ease of assembling parts, e). Sharp edges and pro- 
truding parts such as bolt heads or clamps to be minimised or protected in 
order to afford safety to workmen. 

IV, Accessories—a). Platforms of ample sme for men and material; b), 
Benches handy for keeping tool boxes, grinders, small vises, drill machines, 
etc. c), Electrical and air plug outlets available every 30-square feet, d). Con¬ 
venient frames for placing large blueprints. 

V, Location a). Jig structure to be located where elevated cranes may 
extract part vertically out of jig if necessary, b), Located near sub-assembly 
jigs and main tool bins so that greatest amount of time is saved in transfer 
of articles. 



Fig. 6. Setting locating casting in fixture. 
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Fig. 7. Jig using structural steel numbers. 

To further enlarge upon the reasons for the selection of tubing or casing 
and the method of jig fabrication in Item I, “Rigidity of Structure’’ the 
following shall be observed. 

1 . Tubular structure affords rigidity in all directions. 

a) , The strength and rigidity of a steel tube is better in torque and com' 
pression than any other section of equivalent area. 

b) . Rigidity is most essential in jigs and fixtures in order to minimi^ 
deflections. 

c) , Tubes are very suitable for both large and small jigs and fixtures 
because of the features shown in (a). 

2 . Tubes or Casing are cheap and easy to procure. 

a) . Used oil well casings obtained from Pennsylvania, Kansas, Illinois, 
Oklahoma, and Texas oil fields afford a ready market. 

b) . No government priority rating was necessary, as is the case in obtain- 
ing structural steel. 

3. It was believed that to obtain the most effective rigidity at the joints that 
arc welding would give the best results. 

a). Arc welding was thought to offer the quickest and cheapest type of 
joints. 

The advantages of bolting and doweling structural steel over arc welding 
tubular structure were presented as follows: 

1 , Ease of assembling, particularly to a shop used to the method. 

2 , Maintenance of accuracy at all stages of assembling.. 

3, Ease of dismantling for relocation. 

a) Aircraft plants are continually changing the interior plant layout 
to accommodate new models. 

b) In case of rework bolt and dowel holes can be redrilled or enlarged. 
Fabrication —There is an old Chinese proverb which states, “A picture is 

worth a thousand words.” To take advantage of this wise old adage is to 
refer to the accompanying pictures and brief description for observation of 
design and method of fabrication. 

The foundation or base of the jig is composed of ten inch casing with 
about %e"inch wall thickness, to which adjustment pads are attached. Due 
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to constant vibration induced by rivet guns and impact of mens’ feet, large 
jigs have a tendency to get out of line. Severe variation of temperature can 
also cause distortion. On the west coast. Aircraft Plants close to the shore line 
encounter difficulty with ocean tides moving the floor underneath. To check 
misalignment, a bench mark on a column firmly imbedded in the ground 
is swung by spirit level and scribed on various uprights of the jig. Once or 
twice a month the elevation of the scribed line is checked with the bench 
mark. If any deviation occurs, the jig is lowered or raised as the case may be. 
Adjustment pads are therefore, very necessary. 

Construction —In photographs, (Figs. 1 and 2), it may be noted that the 
ds of the casing have been accurately torch-cut by making use of a loft 
developed template. Punch pricks are marked around the edges, the templates 
removed and the torch applied, extremely jagged edges were roughrfiled or 
chipped off. All members were therefore productively fabricated for easy 
assembling. Vertical members were raised into position by overhead monorail 
and hoist and checked by plumb-bob. Tack welds were first applied to 
assure proper alignment. Tubes depending on their sise were given two or 
three beads, to assure penetration, since rigidity rather than tensile strength 
was required. Care, however, had to be exercised in not burning through 
pitted or rusty casings as their wall thicknesses varied from .134 to .25. The 
weldable qualities of the casings were good since, on an average, the chemical 
analysis was as follows: 

C Mn P S Si 

.025 1.48 .016 .018 .06 

Tensile strength about 90,000 pounds per square inch. 

Welding rods giving the best results were %6'inch to % 2 'i nc h diameter 
w ; th tensile strength also about 90,000 pounds per square inch. 

After the vertical members were secured, tie in braces and working 



Fig. 8. A second Jig using structural steel numbers. 
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platform frames were added. (Refer to Figs. 3 and 4). The base of the jig 
and platforms were covered with wooden flooring to provide easy access 
for workmen. 

Approximately 90 per cent of the wing panel jig is composed of tubular 
structure. Where pads or fixtures had to be located, steel channels, providing 
three attaching faces, were welded to the tubes. Steel machined fixtures were 
bolted and dowled to these faces, (Refer to Figs. 5 and 6). Accuracy of 
plus or minus .01 "inch in five feet was assured by the use of transit and 
scales marked in hundredths of an inch. Wherever greater accuracy was 
desired micrometers were used. 

At each end of jig which was built to hold two panels, large arc welded 
castings with the approximate contour of the wing were secured as may be 
observed in photograph Fig. 6. Bolt holes spread about eight inches on 
center provided means for bolting the panel attach angle. The attach angle 
is of extruded aluminum alloy and is used to join the outer wing panel to 
the center panel. 

Comparative Costs—The purpose of this article has been primarily to 
show that arc welded tubular construction is the best for aircraft jigs. To best 
prove the advantages is to compare construction costs of other jigs used on 
this same airplane. Considerable investigation and experiments were con" 
ducted and the following comparative sectional areas, weights and costs of 
material used is submitted. (Refer to pictures Figs. 7, 8 and 9 for 
jigs using structural steel numbers). 


Tubular Material 


Actual 
Dia. of 
Tube Used 
Inches 

Wall 

Thickness 

Inches 

Sec. 

Area 

Sq. 

Inches 

Moment 
of Inertia 
All Axis 
Inches 4 

Wt. 

per 

Ft. 

Lbs. 

Cost 

per 

Ft. 

Dollars 

Cost 

per 

PD. 

Dollars 

Maximum 
| Weldable 
Periphery 
Inches 

4.00 

-134 

1.65 

3-04 

5.6 

$0.25 

$0,045 

14 

5-00 

.152 

2.38 

6.81 

7.9 

0.42 

-053 

17 

6.00 

.164 

2.91 

12.9 

10.2 

0.50 

.049 

20 

8.00 

.186 

4.65 

35-2 

15.8 

1.00 

.064 

26 

10.75 

.250 

8.25 

113.8 ’ 

28.0 

1.50 

.048 

37 


Structural Steel Material 


Site of 

Struc. 

Steel Used i 

Inches 

! 

Thickness 

Inches 

Sec. 

Area 

Sq. 

Inches 

Moment 
of Inertia 
on Best 
Axis 
Inches 4 

Wt. 

per 

Ft. 

Lbs. 

Cost 

per 

Ft. 

Dollars 

Cost 

per 

PD. 

Dollars 

*3Kx3K L 

.25 

1.69 

2.0 

5.8 

$0.17 

$0,030 

*4 x4 L 

.312 

2.40 

3.7 

8.2 

0.25 

.033 

*4 x4 L 

.437 

3.31 

5.0 

11.3 

0.40 

.035 

6 x6 H 

.312 

4.59 

30.1 

15.5 

0.54 

-035 

10 L 

-55 

8.80 

103.0 

30.0 

1.14 

.038 


*Please note—to obtain the same comparative rigidity, two members had to be used. 
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Average Arc Welding Cost On Tubes 


Operation for One Joint 


4" Dia. 


1. Layout casing with, template and center punch 

radius. 

2. Acetylene cut to length and contour as marked 

Fit—remove and trim, hammer off scale. 

4. Tack spots and hammer off scale. 

5. Weld 1 bead—hammer off scale and wire brush 
Weld 2nd bead—hammer off scale and wire brush 
Weld 3rd bead—hammer off scale and wire brush 

Total Actual Time. 

Labor Cost Per Joint in Dollars 

(Torch Cutter or Welder) (a) $1.10 per hr.) 


1.50. 

1.85 

2.05 

2.25 

1.25 

2.50 

3.75 

5.00 

1.40 

2.50 

3.50 

4.00 

1.00 

1.90 

2.20 

2.40 

4.00 

7.90 

10.90 

12.90 



5.00 

6.40 




6.40 

9.15 

16.65 

27.40 

39.35 

.17 

.33 

,50 

.72 


Average Bolt and Dowel Cost On Structural Steel 


Operation for One Joint 

1. Layout and center punch angle of cut-off.... 

2. Acetylene to length as marked. 

3. Chip off rough edges power trim, 2 pieces 

4. Clamp, drill, and ream 2 Yq dia. dowels. 

5. Drill for 1% dia. bolt. 

6. Drill for 2/z dia. bolt. 

7. Insert bolt power tighten nut. 

Total Actual Time. 

Labor Cost Per Joint in Dollars 

(Structural Man (a) $1.20 per hr.). 

Labor Cost Per Weld Joint in Dollars. 

Savings per joint .. 

% Saving of joint in dollars. 



4x4 L 



( 1.00 

1.25) 

2.00 

2.05 

( 2.50 

4.00) 

5.00 

6.10 

( .75 

1.25) 

1.50 

1.58 

(15.00 

20.00) 

19.00 

30.00 

5.00 

8.00 

16.00 

21.00 

1.00 

1.00 

2.00 

2.00 

25.25 

35.50 

45.50 

62.73 

.51 

.73 

.91 

1.26 

.17 

.33 

.50 

.72 

.34 

.40 

.41 

.54 

66% 

55% 

45% 

43% 


Note: 

1. 4-inch diameter tube requires 2 tacks, 6-inch diameter, 8-inch diameter, 10-inch 
diameter requires 4 tacks. 

2. For thickness and sectional areas of members refer to table “Structural Steel 
Materials.” 

3. Welding rod cost versus bolts and nuts were considered about equal and there¬ 
fore are not included in the estimate. 

4. Overhead for both types of jigs considered the same. 

The two types of jig construction discussed could have been further 
simplified in design had more time been allocated. That is if more stress 
analysis had been applied members could have been lightened and in some 
cases omitted. In the original design weight of structure was not considered. 
Rigidity in members and joints was the object. Although no accurate figures 
are available, indications are for the same rigidity—approximately 4Yz pounds 
of structural steel is necessary for each pound of airplane against approxi- 
mately 3 pounds of tubular steel for each pound of airplane. From the fore¬ 
going, to illustrate how the weight and cost of a jig frame would compare 
for the wing center panel weighing 3500 pounds, the following interesting 
figures are submitted. 
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Grand Total. 10,392 $4,972 . $40 

Savings in Dollars....... $ 398 .. $103 

Percent saving in Dollars. 7.3% . 72^1 

Total saving in Dollars... $ 501 . 
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Fig. 9. A third jig using structural steel numbers. 


Estimate of Annual Gross Savings—Although it would be very difficult 
to obtain accurate figures on annual savings from arc welded tubular jigs 
over other types of aircraft jigs, an appropriate rough estimate for the Curtiss 
Aircraft Co., can be submitted. From the foregoing figures it may be ob¬ 
served that on a contemplated transport center panel jig weighing approxi¬ 
mately 10,000 pounds that 501 dollars were saved over a bolted and dowel 
structural steel jig of equivalent size, but additional weight. 

On this basis five cents is saved on each pound of arc welded jig work. As 
has been mentioned before, approximately three pounds of tubular steel jig 
is required for each pound of airplane and since an average large transport 
will net about 28,000 pounds, one can assume about 84,000 pounds of steel 
for one set of main assembly jigs only. An additional amount as above will 
be necessary for jig structures on subassembly jigs and handling equipment 
or a total of 168,000 pounds for complete set of jigs for one ship. 

To obtain a production schedule of four transports per day (an expected 
figure for 1943 in all aircraft plants making transports) eight complete sets 
of jigs will be at least required or a grand total of 1,344,000 pounds. (The 
number of jigs required is estimated through long years of experience, and 
is beyond the scope of this article to explain). At a saving based on five 
cents per pound, this amounts to an annual net saving of approximately 
$67,200. An annual saving is mentioned since average maximum contracts 
are presently being issued for 1000 to 1200 planes and that at four ships 
per day, the contract would be completed within the year. Thus the average 
life of the jigs would also be completed within this period before dismantling 
would become necessary for other models and contracts. 

If one considers that there are at present about thirty major aircraft 
plants in the United States composed from ten major aircraft companies, 
the annual gross savings possible from using arc welded tubular jigs, in all 
kinds of military and commercial aircraft would run well into several hundred 
thousand dollars and perhaps into a million. 

Social Advantages —It is thoroughly realized that jig men may state 
that structural steel in the way of channels, I beams and angles could be 
arc welded in a similar manner as is done on tubular structure. In some 















932 


STUDIES IN ARC WELDING 


cases the arc welding of structural steel jigs may be cheaper. It is also 
realised that tubular structure need not be welded but can be jointed with 
fittings although it seems a very expensive way, as illustrated in the two 
tables. However, the fact that arc welded tubular jigs are safest 
is not often realised. Structural steel jigs offer sharp edges and corners for 
workers to injure their heads and shins. If they are bolted, sharp or ragged 
edges on the bolt threads tear clothes and may cause severe cuts on limbs 
and hands of workmen. 

Cast fittings and bolted joints offer the same safety disadvantages to work" 
men on tubular structure. The smooth streamline effect of tubular structure 
with smooth, neat, arc welded joints presents very few hazards to the work" 
men. In addition, due to the contoured surface of the tubes, no tool rests 
are afforded to the workmen as is the case of structural steel in allowing 
placement of wrenches, rivet hammers, and bolts, etc., which are constantly 
falling off and injuring people below. Tubular arc welded joints discourage 
any accumulation of waste, shavings, dirt and grease and are thus easier to 
keep clean over structural steel jigs. 

On a recent rough investigation conducted by the author, in the Buffalo 
Curtiss plants, the following data is submitted. It should be noted the in" 
vestigation was conducted over a three months period with about the same 
number of men on each case during the same daylight hours. 

On an average, for every 10,000 man hours applied on structural steel 

jigs, including fabrication, there was a loss of approximately 200 man hours 
attributed to head, hand and other injuries incurred on the jig. For every 
10,000 man hours applied on arc welded tubular jigs including fabrication 
there was a loss of approximately 60 man hours attributed to head, hand and 
other injuries incurred on the jig. A saving of 140 man hours in every ten 

thousand is considerable saving in the course of a year to any company. 

Computing on the basis of 1,000,000 man hours per year at a dollar 
an hour average per man, the saving is $14,000. 

Conclusions—In concluding, a summarisation of points proved is sub" 
mitted. 

1. Through careful and expeditious design in production engineering the 
jigs and fixtures necessary to make the part or parts can be simplified. 

2. Through close coordination and cooperation between engineering, 
planning, and tool design the proper decisions can be made on the design’ 
material and kind of joints to be incorporated in the jigs and fixtures. 

j. That the most favorable selection of framework material in jigs for 
rigidity and ready market is tubular steel. * 

4. That to assure rigidity at the joints and cheapness of fabrication, arc 
welding is by far the best over the other types of joints. 

5 That if more careful stress analysis is made on jig designs that lighter 
members could be used and thereby save money on less dollars per pound 
on material and handling costs. 

6. That arc welding of joints could be further less expensive if the weld 
were applied only enough to account for the amount and direction of load. 

7 * 3 h f. the anmiaI g ro ss savings in the aircraft industry alone by using 
arc welded jig construction and the social advantages gained therefrom would 
amount to over a million dollars. 

8. That arc welded tubular jig construction is making for cheaper and 
better production today and that it will continue to make even cheaper and 
better production tomorrow. 



Chapter XVII—Tilting Table for Armor Plate Production 
By Mark Aronson, B. S. and Edward A. Foehl, B. S., 

Research Engineer and Haval Architect, respectively, of United States 7<[avy Yard, 

Philadelphia, Pa. 

Subject Matter: The design and construc¬ 
tion of a tilting table for efficient heavy 
plate production. The extensive machine 
ing peculiar to this work necessitated a 
tilting table on which to fasten the plate 
for planing. The tables could not be pur' 
chased and had to be built with exacting 
requirements as to precision, deflection 
under load, etc. The table eliminates the 
former practice of resetting the massive 
plate for each new cut. The top surface 
is 41- by 15-feet. The table consists of 
332 pieces of steel plate welded into a 
unit weighing 82,534 pounds. The plate 
is 1- to 4-inches thick. Only arc welding i 
Mark Aronson was considered for the work, because of| Edward A. Foehl 

the known advantage in cost, speed, etc! 

The table was stress relieved after welding! 




This paper embraces a subject of highly confidential character—the 
production of finished armor plate for the protection of naval vessels. 

The authors, designers of tilting table, not only as present members 
of the navy department, but also as patriotic citizens, are deeply appreciative 
of their responsibility not to betray any confidences which might aid the 
enemy. 

Several weeks before the unfortunate Pearl Harbor catastrophe, the 
authors, with official approval, started the preparation of this paper. The 
less stringent restrictions concerning the disclosure of naval information at 
that time would have necessitated only the elimination from this paper of 
fundamental details of the armor plate itself, such as composition, physical 
properties, maximum size, particularly the thickness of the largest plates, 
intimate details of machining and fabrication, as well as method of assembly 
and attachment on ship to assure greatest resistance to impact forces. The 
disclosure of the welding details of the tilting table itself would not be 
materially restricted. 

Since the advent of war however, further restrictions have been placed 
by the navy department, so that further deletion of material became neces" 
sary. Although the authors could still furnish welding information, the story 
in connection with the tilting table might be less interesting due to the 
necessary omission of ingenious operating features, as well as figures of actual 
costs and savings effected by the 100 per cent arc welded type of construction. 

Other interesting information originally planned to include but neces- 
sarily deleted concern the elevating and locking mechanism at any desired 
angular position of the table, and the devices for resisting the longitudinal, 
transverse, and vertical thrust resulting from the heavy cuts of the planer 

933 





934 


STUDIES IN ARC WIELDING 


tools; all of which are components that go to make up the entire tilting table 
assembly. 

It is not difficult to understand why the above intimate details cannot 
be released at this time. An enemy power would have most to gain should 
complete design details be disclosed. 

Sufficient calculations, mathematical treatment, and stress diagrams en¬ 
tering into the theory and design of the table are included to familiarise one 
with the technical approach to the design problem; chiefly to the extremely 
important deflection factor that entered into the design due to the close 
tolerances of the machining operations which had to be met. 

Acknowledgment —-With grateful appreciation, the authors acknowledge 
the cooperation and permission received from Rear Admiral A. J. Chantry, 
industrial manager, and Captain T. L. Schumacher, design superintendent 
of the Philadelphia Navy Yard without which this paper and its entrance 
in the James F. Lincoln Foundation Award Program would not be possible. 

The authors also wish to acknowledge the many courtesies extended by 
Captain W. C. Wade, shop superintendent, including the use of negatives 
of the reproduction of the official photographs herein contained. 

The authors wish to thank Mr. R. B. Luchars, President of the Industrial 
Press, publishers of Machinery, for permission to use illustrative material 
taken from the special issue of November 1941, which was devoted to the 
navy’s war effort, and which featured the subject matter of this paper. 

Our country’s geographical position makes the navy’s battle fleet, 
augmented by its air arm, our first lifie of defense and instrument of offense. 
Our navy’s task is to command the sea; and the best way it can do so is 
to be superior to the enemy in every tactical form. Whether the sea 
encompasses one ocean or more, the fundamental mission remains unchanged. 

The main fighting strength of our combatant surface fleet contains 



Fig. 1. View of tilting table. 
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‘‘strength ships which combine force to overcome the enemy with protec¬ 
tion to secure time to exert that force, and “speed’’ ships whose attack is 
comparatively light in force, but either so quickly delivered or from so 
favorable a point that the enemy lacks time to develop his resistance and 
so to absorb the attack. 

Ships must be able to take, as well as deliver, if they expect to survive 
long in the line of battle. The combination of strength and endurance in 
attack is reached to the greatest extent in battleships. They represent the 
most powerful embodiment of combatant strength. Our floating fortresses 
must be so armed and protected as to be able to meet opposing battle fleets 
on more than equal terms. Not only must they carry the largest of guns, 
but they must possess the highest degree of protection. 

A battleship is defended by protection in two ways—namely, by armor 
against projectiles and other explosive attacks, and by compartmentation 
against invasion by water. The weight of armor plate in a battleship is 
proportionately higher in percentage of displacement than in any other type 
of naval vessel. 

Most recent experience dictates that the modern battleship must be able 
to resist not only the oldest form of attack, artillery fire, chiefly aimed at 
the upper structure and crew, but also explosive shells including deck bombs 
and torpedoes dropped by fliers, as well as torpedoes released by submarines 
against the underwater body of the ship. 

To satisfy the necessary protection to a battleship, the minimum require- 
ments of armor, aside from the local protection of turrets, barbettes, conning 
tower, and base of smoke pipes afforded by their own armor, is a belt extend¬ 
ing high enough above the normal load water-line to protect the buoyancy 
and vital military features of the ship, and extending low enough to guard 
against underwater hits due to naval action or rolling of the ship. Coupled 
with this there must be at least one protective deck located above the deepest 
possible load line, all to be of the greatest practical thickness of armor plate. 

Since its introduction, armor has improved materially by the improvement 
of the hardness of its exterior face and also by the toughness of its back, 
which latter quality resists cracking and disintegration. During the same time, 
projectiles have also been improving. This contest between the efficiency 
of armor and projectiles appears to be non-ending. 

The problem of armor plate protection has always been given most serious 
thought and study by the world's naval powers. Each is confronted with 
this problem when it contemplates the design of more formidable warships. 
In time of war, this vital problem becomes acute. The catastrophic destruc¬ 
tion of warships during the past several months of war, particularly the 
Pearl Harbor attack, has shocked the civilised world, and intensified thought 
on greater protection. 

The steel manufacturer must also give intensive study to the source of 
supply of larger armor plates; to revamp his manufacturing set-up to be able 
to meet the increased demands. Through his research activities he no longer 
has difficulty in satisfying the metallurgical and heat treating specifications, 
but to satisfy the demand for increased size, larger investment in steel mills 
and machinery is essential. 

Through the cooperation of the steel producers and steel mill machinery 
manufacturers, and augmented by government financial assistance where 
necessary, the serious production problems involved in furnishing the in¬ 
creased size rough armor plates were solved by the steel mills. 

The fabrication and machining of these massive rough plates remained 
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Fig. 2. Planer for armor plate. 


the bottleneck awaiting solution in the program. Existing equipment, formerly 
used in the machining operations, became obsolete when production speed 
became the vital issue. The navy department was obliged to purchase larger 
armor plate planers for the planing, cutting and machining operations. 

This equipment, installed within the past year at the Philadelphia Navy 
Yard, included two plate planers without the indispensable work tables for 
supporting the armor plate. The conventional planer table was inefficient 
for this purpose and was no longer feasible for effecting the production speed 
demanded in machining the largest armor plates that the planers were 
capable of. For that reason the standardized work tables incorporated in 
plate planers were omitted in this planer purchase. 

The majority of all machine work performed on armor plate can be 
satisfied by plate planers. The most important feature in planing is the 
setting'up of the work; planer tools differing little in their general design 
from those used for the cutting purposes in other machine tools. The in¬ 
creased speed of planing, which has reduced the actual cutting time to a 
remarkable degree in many cases, makes it all the more necessary to reduce 
the handling time as much as possible. The massive size and weight of armor 
plates intensify their setting-up problem; this work heretofore consumed 
precious time and presented a bottleneck condition in the fabrication of the 
finished armor plates for installation on the ships. 

After serious thought and study it was decided that the extensive machin¬ 
ing operations peculiar to armor plate necessitated a tilting table. This most 
essential fixture for each planer could not be commercially obtained. The 
plate-planer manufacturers, as well as other large machinery manufacturers 
solicited had no precedents or experience to follow in the design and con¬ 
struction of such a desired fixture to satisfy the exacting demands of the 
navy department. It finally resolved itself into a design and construction 
problem that had to be undertaken by the navy department itself. 
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The tilting table for each of the planers must not only possess work 
positioning flexibility and support the largest armor plates without distortion, 
but must also assume all the severe thrust conditions imposed upon it by 
the machining operations of the planer itself. In view of the fact that the 
planers are of the pit type, capable of machining the heavy deep work 
requiring a pit, the tilting table must also be a readily detachable fixture. 

Before one can appreciate the intricate design problems in connection 
with the tilting table, brief information and knowledge of the characteristics 
of the planers might be helpful. 

The two armor plate planers located at the Philadelphia Navy Yard, and 
one purchased for the New York Navy Yard, are believed to be the world's 
largest; they are all similar in size and construction. They were built by two 
of the country s leading machine tool builders to specifications furnished 
by the navy department; and each at a cost of approximately $300,000. 

In order to appreciate their size, the following dimensions of each are 
given: Length 65-feet; width 34-feet; and height 22-feet, 6-inches approxi¬ 
mately. 

The planers are of heavy-duty type; motor driven for both longitudinal 
and cross planing; motors of 150 horsepower and 50 horsepower respectively, 
being employed. The cross-rail is 30-feet long, and the beds on which the 
cross-rail carriages ride are 60-feet long. Lead-screws *l l / 2 'inc hes in diameter 
operate the carriages on which the cross-rail is mounted. 

Throughout the design of the tilting table for use with each planer, con¬ 
sideration had to be given to the essential characteristics of these planers, 
portions of which are shown in the photographs, Figs. 1 and 2. 

These immense machine tools are designed to have capacity for accurate 
and rapid planing of the top, both sides, and both ends of rectangular or 
parallelogram-shaped armor plates. On one side of the cross rail of the 
planer, two heads for longitudinal planing, and on the opposite side, one 
head for cross edge or surface planing, are provided. Each head is also 
designed to travel in reverse direction. The machines are designed to perform 
all planing operations in original settings. 

The following important requirement of accuracy is taken from the 
specifications of the planers: 

“The machine shall produce finished work to the following limits of 
accuracy. The maximum error of parallelism of two sides in a horizontal 
plane or a variation from a straight line in a horizontal plane must not exceed 
0.005-inch in 40-feet; maximum error from a true square 2-feet high by 15- 
feet wide must not exceed 0.001 of an inch.” 

These additional lines also taken from the same specifications are sig¬ 
nificant: 

“The machine shall have a variable longitudinal and cross planing speed 
range of 15-feet up to 90-feet per minute, and a feed rate of %4 of an inch 
up to 54 of an inch. All heads shall be capable of taking roughing cuts % 6 
of an inch feed, 1 inch deep, without excessive vibration or chatter.” 

Since the tilting table fixture required for each of the armor plate planers 
must function with its respective planer as an integrated machine tool unit, 
and satisfy the above exacting demands, the design problem that presented 
itself can best be appreciated by noting the features required to be incor¬ 
porated in the tilting table which ordinarily do not readily lend themselves 
to precision machine work. 

One of the most serious adverse conditions which had to be taken into 
consideration in the design of the tilting table for the precision work expected 
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of it, was the fact that the foundation for the table had to be independent 
of the foundation for the planer itself; therefore, a slight movement or 
set of the foundation of either could throw the tilting table out of alignment 
with the planer; inferior workmanship in the construction of the foundation 
would also affect alignment. Inasmuch as the alignment at any angular 
position of the fixture bears a relationship to the degree of accuracy of the 
work produced by the planers, the need for perfect alignment cannot be 
overemphasised. The table was designed with the objective of maximum 
rigidity and the maintenance of accurate alignment in any angular position. 

The tilting table is of parallel girder design with a top working surface 
measuring 41-feet in length by 15-feet in width; which area can satisfy 
the surface over which the planer tools can travel. The overall dimensions 
of the complete assembly, which includes the table, are 51-feet in length by 
15-feet in width. A portable section is contained in the table, which when 
removed, reduces the table width to 10-feet. The table is symmetrical about 
its transverse center-line, or trunnion. The spacing of the plates that com¬ 
prise the top working surface has been arranged to conveniently accommo¬ 
date all widths of armor. 

The heavy and deep girder construction which supports the top working 
surface is cross-braced with beams, leaving no chance for springing or dis¬ 
tortion. This type of design furnishes great strength to resist any strain 
which should be applied by the fastening of the heaviest of armor plates. 
The authors are pleased to mention that this construction, with the rigidly 
designed thrust-resisting devices that make up the complete assembly, have 
already withstood without any distortion the heaviest cuts of which the 
planer drive is capable. 

The table pivots about a heavy center support (trunnion) with a maximum 
tilt angle to satisfy the machine work required on the thickest armor plates. 
The trunnion bearing block is bolted to a deep T-slotted transverse beam. 
This trunnion is readily detachable. This portability allows the fixture to 
be removed from its pivot point. During the tilting movement of the table, 
when it is being swung to the angular position desired, its ends are restrained 
from sidewise movement by a novel rail device. Since every unnecessary 
movement of the table or operator means just so much lost in output, the 
entire positioning operation has been made positive and rapid, thereby con¬ 
tributing to the reduction of handling to a minimum. 

At each end of the table are four chip disposal troughs which prevent 
chips from piling up and wedging within the elevating apparatus. With 
these troughs, all chips drop down to the base of the table. 

The general construction of the entire unit lends itself to heavy cuts 
and large output. It was designed with features to insure long life and 
maintained accuracy. Both tables at the Philadelphia Navy Yard have been 
performing beyond all expectations, working 24 hours a day, seven days 
a week, since their installation. 

The compactness of design, with all of the operating, thrust resisting, 
elevating, and controlling apparatus at the ends of the table which make 
up the entire fixture assembly, also allows a maximum working area in the 
immediate vicinity of the table, and permits ready access to the many sur¬ 
faces that are difficult to reach. Every practical feature for convenience 
and safe operation has been embodied in the design. The wisdom of such 
painstaking care in the design has been more than demonstrated since the 
tables have been placed in service. 

Although these fixtures were built primarily for the most exacting 
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Fig. 3. General arrangement of tilting table, top and front views. 


machine work on armor plate, and greately increase the output of the 
planers by eliminating the former objectionable and very costly practice of 
accurately resetting the massive plate for each new cut, they are far from 
single purpose however. They can be used for a number of other types 
of work, particularly where long straight work or tapers have to be machined. 
They permit the planing of long work, near the center, on the ends, in 
fact in any location, with the added advantage that the work piece can 
be rigidly supported throughout the entire length of the table. 

Each table was designed with a portable section; also, the pit was in¬ 
corporated in the foundation so that large work of awkward proportions 
or overhang may be mounted for machining, with the portable section 
removed. 

In Figs. 3 and 4 are shown a general arrangement plan and sections. The 
graceful and pleasing appearance as a result of employing welding is most 
conspicuous. 

The decision not to make use of riveting or castings, but to employ arc 
welding exclusively in the design and construction of this very large fixture, 
was not arrived at by making profound studies of each of the above methods, 
or their combinations. The circumstances did not warrant such a precious 
time-consuming procedure, and for that reason comparative figures are not 
available. 

The authors, each of whom has had considerable design experience with 
structures incorporating casting, riveting and welding methods of fabrica¬ 
tion, necessarily capitalized on this experience in their selection of 100 per 
cent arc welding for the method of constructing the tilting table. In carefully 
weighing the merits of the different methods of fabrication available, and 
considering expediency which played a vital role, there appeared no alterna¬ 
tive for this particular product. 

The estimated large saving in cost effected by the arc welded construe- 
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Fig. 4. Transverse sections of tilting table. 


tion, and the greater speed with which the tables could be built by this 
method of construction, particularly by making use of stock sues of plates, 
eliminated other methods when one must also consider the strategically 
impelling force to take advantage of speed—the massive armor plates which 
were piling up awaiting the successful design and construction of tilting 
tables essential for their machining operations. 

Here was no case where one could experiment or compromise! A winner 
had to be picked at the outset; and welding received the honor. The com 
sequences of failure and attendant delay in battleship completion eliminated 
any justification for the use of experimental methods. 

The judgment, based upon the experience of the authors, particularly 
since the latest shielded arc type of electrode was to be used, was approved. 

This faith in the dependability and economy of arc welding this novel 
instrument of production, which plays an indispensable part in accelerating 
the armament program, has been more than justified by the excellent pen 
formance of the table. With unrelenting pressure by the navy department 
for speed up in warship construction, the authors were never unmindful 
of their responsibility during the trying period of design and construction. 

The non-commercial aspect that enters into the design, construction and 
use of the tilting table makes it difficult to measure, in terms of dollars, its 
value or earning power. The strategic need for this modern development 
also placed the question of cost in a lesser role than would be the case 
if these tables were manufactured for private industry. The variable factors 
which enter into cost accounting in different private plants and government 
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agencies might make cost figures misleading or non-comparable even if 
released by the navy department. 

The following significant statement approved by the navy department, 
and reproduced from the description of the fixture in the November 1941 
issue of “Machinery,” refers to the time saving that results from the use 
of the tilting table; with the resultant proportionate saving in labor cost, 
the high economic value of the table is evident without figures. 

All cuts are taken with one set-up of the work, which effects a tre¬ 
mendous saving in time over the previous method, in which the work had 
to be shifted each time that a surface was to be machined to a different angle. 

The “tremendous” saving referred to in the above tribute is of small 
importance compared to the earlier completion date of battleships as a result 
of this most efficient method of armor plate production. The production 
records actually made have exceeded the most optimistic expectations. Only 
those who are familiar with the difficulties previously encountered in the 
production of finished armor plate can appreciate the obstacles that had to 
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be overcome in their solution, and in the creation of this unique fixture, 
with its capacity for the largest plates required for the latest ships. 

It is a responsibility of the tilting table to insure smooth, accurate and 
chatter-free cutting, planing and machining during its long life as a com¬ 
ponent of the planer. It must possess the reserve strength to successfully 
withstand abuse brought about by any shock loads in the careless handling 
of gigantic plates, as well as resist distortion through undue strains en¬ 
countered in fastening the plate to its top surface. 

The fundamental principle of design employed in creating the table was 
to satisfy all structural requirements in conjunction with those peculiar 
to the usage of a precision machine tool, specifically a plate planer. This 
necessitated for the complete fixture assembly, the coordination of several 
branches of science and engineering, including stress analysis, strength of 
materials, structural, mechanical, welding, machine-tool, and if the urgent 
demands-of the defense program for the use of the tables would have per¬ 
mitted, complete instrumentation features would have been incorporated, 
provision having been made. 

An important factor that engaged attention throughout the design was 
the necessity for adequate clearances; also of non-interferences with the 
planer or with the tool itself, during usage. This placed limitations on height 
of table and associated operating features which, in the latter case par¬ 
ticularly, presented some intriguing problems which had to be overcome. 

In the design of the table, various conditions of loading and plate cutting 
were investigated; and the effect of each was studied. Investigation and 
analysis were also made of the table during the setting-up period, when 
for a short period of time the table may assume a cantilever-type structure 
with one end unlocked and unsupported. This condition is due to the fact 
that both ends are manually locked when the desired angular position of the 
table is reached, and it is not necessary for the locking at both ends to be 
simultaneous. 

The fibre stress set-up during the above brief period is shown in Fig. 5, 

The reversal of stress, resulting when the table was completely locked 
and in service assuming a three-point-suspension-type structure was given 
the most consideration. An analysis of this service condition follows: 

Summary of Notes on Design 


Physical Characteristics 

Number of longitudinal girders. S' 

Maximum spacing, center to center. 3' 10" 

Length of girders. 41' 0‘" 

Width of table. 15' 0" 

Est. Wt. of table carried by supports. 82,000 lbs. 

Gross area of table top... 615 Sq. Ft. 

Gross area of one girder (3.83' X 48')... 159 Sq. Ft. 

Loading 

Dead load for table, per lin. ft. girder.. 5 00 lbs. 

Plate to be machined, per lin. ft. girder. 2,000 lbs. 

Force due to cutting tool. 22,500 lbs. 


The table was designed as a continuous beam with three supports, the 
ends being simply supported. In actual usage, the unique locking means 
create fixed end supports; this treatment therefore is in the interest of safety 
in design. 
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Fig. 6. Coefficients for moments in foot pounds fully loaded, supported at 3 points. 

The moments and reactions were determined by the Theorem of Three 
Moments; although any other method such as the Slope Deflection, Moment 
Distribution, or Method of Elastic Weights, could have been used. 

Two cases are shown here, all the supports being on the same level: 

Case No. 1—The table is fully loaded. 

Case No. 2—One side of the table is loaded. 

Tables 1 and 2 on Figs. 6 and 7 respectively, give coefficients for the- 
moments in terms of P foot pounds. By this method equations are derived,, 
and substitutions are made for the actual loads at the end of the problem.. 

The maximum moment was found in Case No. 2, therefore the infor¬ 
mation shown by Table 2, Fig. 7, is used for computing the deflection as:, 
shown on Fig. 8. 

Since the girders are not of uniform cross-section, the moments of inertia 
were computed at various points, namely, 1, 2, 3, etc., the location and dis¬ 
tance from the left support are shown above the beam in each case. 
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Fig. 9 contains the computations for Section 7, which includes an access 
hole; while Section 6 is typical for other sections. 

Fig. 8 records the essential computations used in calculating the deflec¬ 
tions. 

The conjugate beam method was used. One of the several other methods 
could have been selected but due to the similarity of the conjugate beam 
theory to that used for shear and moments in ordinary beams, the method 
used seemed preferable. All deflection calculations for beams varying mo¬ 
ments of inertia are tedious; however the conjugate beam affords several 
points of check for accuracy of the computations. 

To apply the conjugate beam theory, a knowledge of geometrical relations 
between the elastic curve and the beam are necessary. 

To explain the method used, the problem as set forth on Fig. 8 will 
be considered. 

The loading on the conjugate beam is derived from the bending moments, 
recorded by Table 2, Fig. 7, divided by the moment of inertia for each point. 
In the table, the moments were expressed in foot pounds as coefficients of P. 
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conjugate beam the ordinates have been reduced to inch pounds 
divided by inertia, as coefficients of P. As will be noted, the curve formed 
by plotting these ordinates is irregular, and due to the negative moments a 
part of the curve falls below the beam axis. 

The nature of the supports under the c* 
assumed for the original beam. Also note 

span, is being used The left side of the given or original beam, when con¬ 
sidered independently, has a simple support at the left end and a fixed end 
beam connection with bending moment at the right end. The tangent to 
the elastic curve at the right end would ordinarily have a slope of fero if 
lt were a true fixed ended beam. The deflections of the spans on each side 
of the center support vary, consequently the slope is not zero; had this been 

h™ >»« >>“" - Ken 

ve j I the reactions 

Solving the conjugate beam with its M/1 loading as we would an ordinary 
simple beam, the reactions are determined as shown by Table 5 Fio- g Know- 
ing the reactions, the shear diagram could be constructed; however, aside 





Fig. 8. Information used to compute deflection. 
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from the ordinates being a measure of the slope of the elastic curve, no 
special knowledge is gained by so doing. Also, it is difficult, with the type 
of loading, to accurately plot the shear diagram as each increment between 
the various points would be a parabola. (The loads are uniformly varying, 
represented by the horizontal axis and a sloping line. By integration the 
area between any two ordinates, the horizontal axis and the straight line, 
a parabola or equation of the second degree is formed.) Therefore, the slope 
or shear diagram has been omitted as being more theoretical than practical. 

The ordinates for the elastic curve were determined by taking moments 
at the various points along the conjugate beam. Table 5, Fig. 8 , furnished 
information by which these ordinates may be determined as was done for 
point C on the beam, shown on Fig. 8 . 

The maximum deflection is of serious importance in the design of the 
tilting table. The point of zero shear, or the point along the conjugate beam 
where the area between A and some point C are equal to the reaction, is 
the point of maximum deflection. This is evident from our knowledge of the 
relationship between shear and moment curves for ordinary beams; only 
in this instance we are dealing with slopes and deflections. 

The area between A and C on the M/I diagram is equal to 48.5 3P, while 
the reaction at Ra equals 47.24P, therefore the point of maximum deflection 
is slightly to the left of point C. The deflection at point C has been accepted 
as satisfactory for the maximum value; and is stated 2776"P divided by E. 
By substituting 30,000,000 for the value of E, the 
Maximum Deflection = .000092 5-inch P. 

In the conventional design of a steel structure, deflections not in excess 
of V 36 O of the span (length in inches) would be assumed satisfactory. In 
the design of this fixture however, it was necessary to limit the deflection 
to the minimum amount that would allow the precision tolerances of the 
planer to be met. Here was a case where design from the machine-tool 
angle had to coordinate with structural; and as a result of meeting the low 
deflection requirements which controlled the sizes of the component members 
of the tilting table, relatively low fibre stress resulted, as follows: 


The Span = 250 feet. 

250 

~ ■ = .6944 inch deflection. 

360 

Assuming P = 2500 pounds 
Deflection = .2313 inch for the table. 

For the maximum fibre stress, f 0 . .. 

o. M. 


Moment, M = 195.91 foot P 
S. M. = 340 

195.91 X 2500 X 12 
~' 340 


1,729 pounds per square inch. 


The above value of 1,729 pounds per square inch does not take into con¬ 
sideration any forces that may be set up by the cutting tool, operating either 
longitudinally or transversely. 

It will also be noted that on the beam on Fig. 7, a loading of 5 P was 
used on the left span and P on the right span. The difference is assumed 
to be the weight of plate to be machined. 

Fig. 10 shows the cutting forces also the resultant reactions. The plate 
to be machined is securely fastened to the table top, so that the cutting 
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Fig. 9. Typical calculation for inertia. 


forces are transmitted from the plate to the table top. This top is made 
up of a series of longitudinal and transverse heavy plates, designed to act 
as struts and beams. The forces in the table top are carried to the transverse 
thrust and vertical supports, also capable of handling the longitudinal thrust. 
Since these supports are definitely locked before any machining operations 
are performed, the table is rigid; and with the plate properly secured, accuracy 
in the machining is assured. 

Fig. 11 shows the calculations for a section of the table acting as a strut 
also subjected to bending. The entire table top resists the bending forces; 
however only a small portion has been considered to take the entire load; 
this is on the side of safety. 

The portion considered as a strut has a cross-section of 16-inches wide 
by iV^dnches deep, and 60-inches long. This section is also stiffened by 
the girder web. The calculations show that this section is capable of carrying 
406,080 pounds while the assumed force due to the cutting tool is 22,500 
pounds. 

The portion subjected to bending is part of a continuous beam, supported 
every 5-feet. For analysis, a beam having fixed ends, with a span of 60- 
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Fig. 10. Reactions. 
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inches and a concentrated load at the middle is assumed, with an allowable 
fibre stress of 15,000 pounds per square inch. Under these conditions the 
allowable load as shown on Fig. 10 would be 33,333 pounds while the assumed 
force due to the cutting tool is 22,500 pounds. 'This does not take into 
consideration the reduction in stress as a result of other top members resisting 
the force. 

If the 22,500 pounds are taken as the load for the struts, the compressive 
stress pounds per square inch would be 22,500/40 = 562 pounds per square 
inch. This added to the 1,729 pounds per square inch for the stress in 
the girder due to the dead load of the table and the plate to be machined, 
would equal 2,291 pounds per square inch. 

In the case when two cutting tools are simultaneously operating in the 
longitudinal direction, there is also ample safety factor in the table to accom¬ 
modate the force. 

If the 22,500 pounds are taken as the load on the beam for bending, the 
fibre stress would be 10,130 pounds per square inch. This fibre stress when 
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added to the 1,729 pounds per square inch fibre stress found for the dead 
load of the table and the weight of the plate is equal to 11,859 pounds per 
square inch. 

The above figures indicate a wide margin of safety^ but due to the im¬ 
portant role minimum deflection plays in attaining precision machine work, 
it was not advisable to reduce the amount of steel in the table; furthermore, 
in a fixture such as this, holes may be drilled in the table top to accommodate 
a special piece of work, which could seriously weaken the table if there 
were no liberal margin of safety. 

The stresses in the table are transmitted to resisting supports and abut¬ 
ments by means of sliding and link motion structural members of ample 
strength; these are necessarily deleted from the drawing. When the table 
is locked at the desired angular position, for any combination of longitudinal, 
transverse, and vertical thrust that might result from the enormous loads 
and pressures as the planer tools cut their way through the hardened and 
tough armor plate, the ends of the table are restrained in every direction. 

This locking method insures rigidity which prevents vibration and 
chatter, and results in a fine quality of machine work; contributing also 
to this performance are the continuous welds used throughout the construc¬ 
tion of the table, so that the large number of separate plates which form 
the table act as an integrated unit. All welds have been designed sufficient 
in sffie to transmit the stresses between the members joined. 

One important feature in the use of the table is that there is no need 
to center a plate on the top surface. Close tolerances in the machine work 
are obtainable regardless of the location where the plate is fastened. Also, 
with ample total lifting capacity by means of air-operated jacks, a gigantic 
armor plate fastened to one end of the table can be raised without difficulty. 

The tilting table is a 100 per cent arc welded job; it consists of 332 
pieces of medium steel plate welded together into a rigid, homogeneous 
unit weighing 82,534 pounds; with the largest single piece weighing 7,167 
pounds. The thicknesses of the plates that enter into its construction vary 
from 1- to 4-inches. The total amount of weld metal used in its fabrication 
and included in the above weight is 2,113 pounds. 

After all welding was completed the table was stress relieved. This was 
performed not only to eliminate the stresses set up in welding, but also 
to relieve any strains set up at the steel mill during the rolling of the plates. 
This procedure assured a table whose all steel members would be free of 
internal strains. In effecting this process a convention type furnace, 53- 
feet long, 48-feet wide and 30-feet high, was employed. Sixteen thermo¬ 
couples were attached to representative thick and thin sections of the table, 
and high and low spots in the furnace. These thermocouples were connected 
to 2 indicating controlling pyrometers so that the predetermined program, 
of temperature increase to 1150 degrees F. and decrease, was maintained. Dur¬ 
ing this heating cycle, twenty-seven hours of uniformly rising temperature 
was expended in reaching the above limit. This degree of heat was held for 
nine hours. Controlled cooling then followed for a period of three hours, 
after which the table was allowed to cool off naturally in the furnace. 

The authors do not wish to close this paper without paying tribute to 
the splendid workmanship performed by members of the welding, structural, 
forge, and machine shops of the Philadelphia Navy Yard who were privileged 
to play a part in the construction of the tilting tables, instrumental for the 
most efficient production of the giant armor plates destined to protect our 
fighting men and ships. 



Chapter XVIII —Base of Tilting Fluoroscope 

By Walter H. Haupt, 

Mechanical Engineer, Kelley Koett Manufacturing Co., Covington, Ky. 


Subject Matter: When welded steel was first used for this base, 
it was designed for strength and was sufficiently strong, but was 
not rigid enough. Rigidity is essential in order to hold the 
subject and the fluoroscope, as well as photograph plate abso¬ 
lutely fixed in position if clear pictures are to be secured. Inves- 
tigation showed that there was not sufficient torsional rigidity. 
The paper shows how this was secured, e.g., a channel can have 
its rigidity increased many times by welding thin strips across 
the tips of the flanges. By securing improved torsional rigidity 
the design was satisfactory and great savings were effected in 
weight, in cost, but most of all in time. The United States army 
is giving rush orders which could not be met if it were neces¬ 
sary to secure castings, patterns, machine work, etc. Welding 
avoids all this. Cost saving is shown to be 58%. 

The simple unit structure which forms the particular subject of this paper 
is certainly not a spectacular innovation in the art of arc welding. It does, 
however, represent a radical departure from the traditions of our industry, 
and certain conditions had to be met that in the opinion of the author have 
not been given sufficient emphasis in arc welding literature. We feel that these 
conditions may exist in so many cases that the solutions we have worked out 
and applied to the present structure will probably have very broad applica¬ 
tion. 

In preparing this report we have, therefore, particularly stressed these 
problems and their solution, rather than confine ourselves to the description 
of the machine base with which this article is concerned. Particular emphasis 
in this case will fall upon the comparison of the new design with the one of 
cast iron that has been replaced. 

We are building X-ray machines. In most applications a relatively heavy 
unit containing the X-ray tube must be easily manipulated into position oppo¬ 
site the film. The object to be X-rayed is supported on a ray-transparent 
surface between the film and the tube. The photographs or radiographs made 
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Fig. 1. Welded steel and cast iron compared. 
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are the pictures of shadows cast on the film by the varying density of the 
interposed object. The supporting surface and film are usually movable, but 
the tube itself is supported in such a manner that it is adjustable over a con¬ 
siderable range in all directions and can be rotated about at least two axes. 
The source of the rays is made as small as possible, consistent with the power 
output. To obtain sharp shadows it is, therefore, necessary that the support¬ 
ing arms, substructures, etc., eliminate any relative motion. Movements, such 
as swaying or vibration after the parts have been positioned will cause the 
pictures to be blurred, defeating the efforts of the tube manufacturers to keep 
the effective source of rays small. Traditionally X-ray apparatus is light in 
weight for installation in hospitals and offices. It is rarely in continuous oper¬ 
ation hence there would be no justification, or sale for apparatus built with the 



THE TORSIONAL RlO»DlTy OF "A" IS ABOUT 4-00 
TIMES GREATER than THAT or "B" 

Fig. 2. Solid and split tubing compared for torsional rigidity. 

ample weight and proportions of a radial drill, together with its motorised 
controls and movements. In most cases X-ray apparatus is built with large 
numbers of ball bearings and the moving parts are carefully balanced by 
weights so that a minimum of effort is required to position parts of the 
apparatus. 

As a rule the supporting structures have been made of cast iron, with 
intermediate members and tracks of cold rolled steel or steel tubing. A gener¬ 
ous proportion of aluminum was used in the moving parts, and lead was re¬ 
quired for balance weights, a combination which in the present emergency 
literally begs for substitution. 

Our first attempts to replace cast iron supporting structures with arc 
welded steel were made about three years ago and were considered very suc¬ 
cessful both from the points of view of performance and cost. These bases, 
however, were never adapted to our regular line, and the author had the feel¬ 
ing that the results obtained were gained by the use of generous amounts of 
material and liberal proportions rather than by the most economical and sound 
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application of the possibilities implied in the use of the newer type of con-' 
struction. 

We, therefore, approached the problem from the engineering angle, cab 
culating loads and stresses in two directions and building to meet the rigidity 
requirements. However, in nearly every structure we found that there were 
set-up, as a result of manipulation or adjustments, temporary vibrations which 
continued after the structure should have been completely at rest. Although 
we had provided amply for vertical and lateral rigidity the structures did not 
compare favorably with those we were attempting to replace. At this point, 
we were met by old timers’ fallacious arguments that cast iron was stiffer 
than steel and we had to resort to a series of actual demonstrations on com- 
parable samples to allay objections. However, more careful observations 
showed us that the incidental temporary stresses and vibrations were torsional 
and further study comparing the old and new structures revealed the reasons 
for lack of torsional rigidity. 

To illustrate this point. Fig. 1 shows a logical substitution of a section of 
steel made by arc welding, contrasted with a similar section of cast iron. 
The steel section “A” has greater strength and rigidity for bending stresses 
than the cast iron section “B”. The torsional rigidity of either one is primarily 
a factor of the fourth power of the diameter of the circle that can be inscribed 
in the fillet. Comparing these two by a simple calculation (#1) we find that 
the cast section is nearly four times as stiff under torsion as the steel section 
of the proportions shown. It may be pointed out that the fillet in the steel 
structure could readily be enlarged, but unless this point is borne in mind it 
is likely that the steel structure was formed either by intermittent or stag¬ 
gered welds, and then we do not have even the continuous % 6 -inch diameter 
section upon which the calculation was based. 

(#1) Rigidity “B” (7/16) 4 X (Torsional Modulus of Elasticity for C.I.) 

Rigidity “A” (5/16) 4 X (Torsional Modulus of Elasticity for steel) 

= (7/16) 4 X 5,600,000 3.8 

(5/16) 4 X 12,000,000 1 



Fig. a. Open and closed channel compared as to torsional rigidity. 
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TRIANGULAR. BRIDGING IN CORNER 
TO OBTAIN TORSIONAL STRENGTH 

Fig. 4. Obtaining torsional rigidity by bridging in comers. 

Another factor that entered into the problem which was not taken into 
account until later was the vibration damping effect inherent in cast iron. 
This caused vibrations which were set up in the cast structures to die out 
more quickly than they did in steel. 

And so we found that in order to obtain characteristics comparable for 
the purpose with the older designs we had to greatly increase the torsional 
rigidity and thereby eliminate the vibrations that required damping. 

We made several designs incorporating pieces of tubing as torsion menv 
bers into our structure at critical points but found this expensive and often 
awkward to do. 

We were encouraged by calculations shown in Raymond J. Roark’s “For¬ 
mulas for Stress and Strain”. One particular comparison (#1) illustrated in 
Fig. 2 showed that a piece of tubing % 2 dnch wa ^ an< ^ 4-inch outside 
diameter has approximately four hundred times the torsional rigidity of the 
s am e tube split lengthwise. We realized that it would not be difficult to 
appreciably increase torsional strength by closing certain structural elements 
with bridging of thin sheet metal. An example of one of our tests on a 
three inch channel is illustrated in Fig. 3. The open channel was submitted 
to a twisting load and the deflection measured. A similar piece of the same 
channel (3 A) was closed by tack welding a piece of 16-gauge sheet steel 
across the top of the flanges. The deflection for the same load was reduced 
to about one sixteenth of what it was for the open channel. 

In our further designs our tendency has been to use much thinner gauges 
of steel than at first, and to provide torsional strength by bridging corners, 
(See Fig. 4). Sometimes it has been found desirable to provide double thick¬ 
ness in adjacent sections for bolting and attaching other parts of the machine. 
In such cases we have provided torsion members attached wholly or partly 
by plug welds as in Fig. 5, because these plug welds could be placed near the 
comers of the triangular section where they belonged to make the bracing 
effective, (See also Fig. 6). 

Thus having determined certain essential elements of the desirable sup¬ 
ports we have been able to design without further experimenting suitable 


(#1) Roark^s “Formulas for Stress and Strain," 2nd Edition, Page 160. 
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structures for arc welding, and have found these structures far lighter, and 
more economical as well as much more rigid than any previous designs. 

The particular base of a tilting fluoroscope which we shall proceed to de- 
scribe represents the application of the above studies and experiments to a 
special, machine designed to meet certain specifications proposed by the medical 
division of the United States army. 

The time allotted for completing the machine and submitting cost estb 
mates was less than the time that would ordinarily be required to make new 
metal patterns and make sample castings from them. The proposals made by 
the army differed from our standard machines primarily in the omission of 
certain features usually demanded by the medical profession. However, when 
we calculated the cost of our standard job, omitting these items we found the 
cost was still far above the price range suggested by the army men. Further' 
more the production of these tables in the quantities indicated, would have 
handicapped us in the milling machine department which is practically the 
bottle neck of our present production. 

A new design, made entirely of steel by arc welding, and taking full 
advantage of the simplification possible due to omitted features was com.' 
pleted under pressure. No special equipment or tools were needed to com' 
plete the sample table and no time was lost obtaining the material, mostly 10' 
gauge sheet steel. Even so, before we had time to rust'proof or paint the 
various parts we were requested to submit the table in the raw to inspection 
and tests by shipping it to Washington. 

By no other method could we have completed the sample in so short a 
time; by no other method could the raw product have presented such a neat 
and finished appearance as did the arc welded job submitted. The unit proved 
to be far more rigid than any previous structure in its class, and was much 
lighter in weight. Both of these advantages were considered of major ime 
portance. 

Let us now proceed to analyse the construction of the base as it was built 
to meet its functional requirements. The base consists of a front and rear leg 



TRIANGULAR BRIDGING IN CORNER TO 
OBTAIN TORSIONAL STRENGTH AND ADD 
THICKNESS FOR ATTACHING OTHER STRUCTURES 


Fig. 5. Torsion members attached by plug wells. 
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Fig. 6. Torsion stiffening applied to flat plate. 


designed to carry an X'ray unit, transformer, table top, 250 pound patient, 
and a fluoroscopic assembly, all pivoting on a pair of bearings located near the 
top of the base. The front leg is very shallow. It is raised from the floor 
by a pair of blocks and leveling screws so as to provide toe clearance. Thus 
the operator can stand very close to the unit. This leg serves merely as a 
vertical support but is weak against lateral loads. The rear leg also on levelling 
blocks is built like an abuttment, and takes any lateral loads that may be 
applied, the load being transmitted from the front to the rear by the inter" 
mediate parts. A closed triangular element shown in section “A” in Fig. 7, 
placed where it will not interfere with other parts of the complete assembly, 
ties the front and rear legs together acting as a very stout torsional member. 
This member will cause the unit to rock on three levelling feet if the fourth 
is not adjusted, rather than permit the bearings to move out of line with each 
other. In addition to this main torsion member each bearing block is tied to 
the main torsion member by a closed triangular section welded to the left 
flanges of the front and rear legs. These prevent the bearings from twisting 
if the pivot studs on the supported structure should tend to do so. The flanges 
on both legs are turned in and the outer surface is a large smooth triangular 
area of extremely neat and simple appearance. 

In building up this base we first machine the two bearing blocks on a lathe. 
Bushings are pressed in and reamed in alignment in the final assembly. These 
bearing blocks are placed on a spacer bar in their correct relative position and 
the remaining parts of the base are positioned and welded in relation to these 
blocks. 

Milling operations were entirely eliminated. Other machining except for 
the bearings mentioned was limited to drill press operations. Finishing time 
and costs were cut greatly because of the elimination of plastering, etc., be" 
fore priming, which had been necessary on the cast iron bases. 

Costs on the first model were not used as a basis for production costs, but 
our estimates were compared with those made by commercial welderies that 
could be called upon to assist us in producing these bases. The figures arrived 
at were astonishing when compared with the known cost of our previous 
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assemblies. The reduced cost and the incidental advantages of reduced weight 
and increased strength have brought us to the conclusion that we will have 
to redesign our entire line for the far more extensive use of arc welding at 
the earliest possible moment. 

A comparison of the arc welded and the previous cast iron base from 
manufacturing figures will be of interest. 


Cast Iron 

Front leg .. 

Rear leg . 

Connecting members . 

Total cost of cast assembly. 
Arc Welded Base 

Material cost . 

Labor and welding . 

Machining. 

Finishing. 


Material 

Cost 

Machining 

Cost 

Finishing: 

Total 

... $7.16 

$4.34 

$7.50 

$19.00 

... 7.51 

6.24 

7.25 

21.00 

... 2.00 

1.40 

.60 

4.00 




$44.00 


$ 6.00 
6.00 
2.25 
4.50 


$18.75 

Saving per unit in cash. $25.25 

Saving in percent of original cost. 57% 

Saving on an estimated year's production of 400 tables. 

Weight of Cast Iron front leg. 97 lbs. 

Weight of Cast Iron rear leg. 102 lbs. 

Weight of steel connecting members. 46 lbs. 


$10,100.00 


Total weight . 245 lbs. 

Weight of arc welded base complete... 115 lbs. 

Saving of weight per unit. 130 lbs. 

Percentage of weight saved. 5 3% 


Material saved on a year’s production of 400 tables is 52,000 lbs. or 26 tons of metal. 


The advantages of reducing machining time in production, particularly 
eliminating milling operations cannot be overestimated in our present situa^ 
tion. The possibility of producing the sample in the time allotted, was a defb 
nite necessity in this case. We would have suffered a serious setback without 
the use of arc welding. The reduction of shipping weight of machines that 
may be sent wherever the army goes is a real asset. The elimination of the 
hazard of breakage through rough treatment in transportation is a big factor 
favoring the new design. The smooth flat surfaces are not only an advantage 
in the finishing of the base, but an important sanitary factor on a hospital 
unit, making it easy to keep clean and sanitary. The extreme rigidity of the 
base will assist in yielding quicker and more accurate diagnoses of casualties 
than a shaky structure and may contribute strength to the thin thread by 
which some life is hanging. This same rigidity will reduce wear and tear on 
bearings and other parts due to misalignment, and a long service life will 
result. Should damage result to the base through accident it is reasonable to 
assume that repairs can be made quickly and locally by any one skilled in 
welding. 

The advantages which we have worked out in this particular arc welded 
base we attribute partly to the increased knowledge of the possibilities of arc 
welding which we gained by the various simple studies and experiments which 
were described in the early part of this report. We feel confident that we can 
apply this background of experiment and experience to good advantage in an 
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endless number of related structures; With torsional stiffeners well placed 
it is surprising what can be done with very thin sections of sheet steel. Our 
problems are not unique and we hope our presentation will help others to 
save money and precious material and to gain strength and rigidity for future 
designs, particularly where lightness and strength must be combined. 

It is very difficult to make an estimate of the saving which a design like 
ours could produce in industry as a whole. The total number of units, of 
the type for which this base was built, produced in the United States in one 
year, is about two thousand. Therefore the annual saving for this industry 
as a whole would be about five times what we have estimated for our com¬ 
pany, that is, $50,500 in cash and about 130 tons of metal. 

We would rather take into account the savings that could be produced 
by the increased knowledge and understanding of the effects of torsional 
stresses and how to meet them in arc welded structures, as we have tried to 
emphasize. The savings that could then be made by application of these ele¬ 
ments to allied designs would really be unbelievable. 



Chapter XIX—Arc Welded Motor Drives for Machine Tools 

By John Peyton Berkeley 

Chief Engineer, Berkeley Equipment Co., Corry, Pennsylvania 



Subject Matter: The economic advantage of converting older 
machines now equipped with belt drives, to motor drives. The 
savings effected are shown in detail—more work turned out 
faster and more variable speeds available, safer, too. The writer 
then devotes the remainder of paper to a comparison of cast 
iron and welded steel brackets, columns, etc., for the motors. 
He shows that the arc welded designs are cheaper, stronger, of 
better appearance, etc. 


John Peyton Berkeley 


Part One—Analysis of the Need for Motor Drives and of the Benefits 
Directly Traceable to Their Use—For a number of years it had been the 
trend in modern industrial development to consider a machine tool as an 
individual and self'contained unit. This unit, however, is treated as an 
integral part of a carefully studied plant layout. 

The results of the study of the spacial relationships of machine tools applied 
to production problems have been spectacular. Thousands of specific opera' 
tions are now done in one'fourth to one'tenth of the time previously spent on 
the same job. A considerable share of the credit for this amazing jump in 
plant productivity can be given to the individual motor drive. Machine tool 
manufacturers realized the benefits of individual motorization years ago. They 
initiated motor driven models of their machines. These models became so 
popular that they now monopolize the field. 

Machinery has been built in quantity, however, for 50 years or more. It is 
common today to see machines 30 years old in active service turning out a 
creditable run of work. These machines are still valuable, and it is poor 
economy to junk them for new equipment. On the other hand, as originally 
built to run from a line shaft or jack shaft, they are usually unable to com' 
pete on even terms with modern, motor driven equipment. The reasons for 
this are immediately apparent. 

Placement of Machine Tools—Self'powered machines can be placed to 
their best advantage in any given production line. Their position is not 
dictated by the presence or absence of a line shaft. If changes in tooling are 
made, machines easily can be moved to a new location in a very short time. 

This mobility of machinery is of inestimable value. It allows the proper 
sequence of manufacturing operations. Economy of tooling is thereby effected, 
and waste motion, both of men and job parts, is considerably reduced. 

Speed —It is usually true that line shafting setups have not been changed 
for a number of years. Changes in speed ratios are difficult and costly to 
make, and this contributes to the fact that a great many machine tools now 
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operating from line shafts run at improper speeds. Usually the speed is too 
low. When the shafting was first erected, pulley ratios were probably figured 
correctly for the spindle speeds then used. However, tools and lubricants have 
improved so much in recent years that cutting speeds and feeds on numerous 
operations average 50 per cent higher than they were fifteen years ago. If line 
shafts have not been speeded up proportionately, the machines are crippled. 
The writer has found this to be the case in a number of specific instances. 

Another factor contributing to incorrect spindle speeds is the difficulty in 
changing belts from one cone step to another. The usual method of change 
ing speeds is by shoving the belt over with a long pole. This is a difficult and 
dangerous procedure. It takes valuable minutes of a man’s time. Since it is 
not easy to do, the operator s tendency is to leave the speed where it is. 
Work suffers as a consequence. 

Power—In order to be effective, a machine tool must have a positive and 
steady pull. There is no take-up in line shafts, and the result of stretching 
belts is slippage. This means wasted power and a consequent increase in over¬ 
head, as well as inferiority in the work produced. 

Maintenance and Overhead—Line shafting is expensive to keep in good 
condition. Heavy, wide leather belting costs a great deal of money. Bearings 
and bushings must be kept lubricated. Belts must be shortened when they 
stretch. Most large factories employ at least one man to take care of belting 
alone. 

A more costly consideration is that which pertains to down time. When 
a line shaft fails, a whole battery of machinery becomes idle. A double ex¬ 
pense is thereby incurred. The machinery is not working, and the idle men 
must still be paid. One large plant,* which subsequently motorized their 
equipment, estimated that 10 per cent of its machinery was down at all times. 
Nearly one-fifth of this total was due to line shaft failure. 

Improvement in Working Conditions—Studies have been made by very 
large concerns to determine the relationship between worker psychology and 
production. The results obtained have led to many refinements in working 
conditions. Shops are cleaner, cooler and lighter. Men are given rest periods. 
Canteens have been set up. Toilet facilities have been improved. Production 
figures, as a result of these changes, have gone steadily higher. A specific 
example illustrates this point. One small plant, motorized by this company, 
found that production jumped 20 per cent as the combined result of motoriza¬ 
tion, and more conveniently located equipment in a new building. Most of 
this increase was due to the convenient and pleasant working conditions 
established through the use of individual motor drives. 

Motorization unquestionably is a primary factor in the improvement of 
working conditions. Compare Fig. 1 with Fig. 2. Fig. 1 shows a battery of 
Gridley automatics in a ball bearing plant. The maze of belts is nearly unbe- 
lievable. Inspection will show the first of the motor drives which eventually 
replaced all the belting in the picture. This plant is now considerably more 
spacious in appearance, and production rates are higher than they were. 

Fig. 2 shows the end product of motorization. This shop is an excellent 
example of how motor drives can improve a plant’s appearance. 

Certain conclusions can be drawn from the above discussion. Drive manu¬ 
facturers usually estimate that the motorization of old machine tools results 
in a 25 per cent increase in their productivity. The writer has been told on 

*In this paper names of plants cited as examples will not be given. Their identity can 
be established by communication with the author. 
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Fig. 1. Bad belting conditions due to placing automatic machines too close together. 


several occasions that motor drives have paid for themselves in a year or less. 
In our own plant, which was motorized from the beginning, we have no fig¬ 
ures upon which to base a comparison. 

Assuming that a production increase, or cost reduction of only twenty 
per cent is realized through motorization, the savings are still tremendous. 
The writer has no sure way of telling how many machines have been motor¬ 
ized in the last two years, but a fairly true estimate can be made. 

There are six large drive manufacturers and a number of small ones 
Conservatively estimating their output with respect to our own, by compari- 
son of the number of competitive drives seen in various plants, it is safe to 
say that 25',000 machines have been motorized since January 1940 

Assuming the average earning capacity of each of these machines to be 

Jcl „ nm T? ainIy hi § h fi gure, the sum of the earnings made by 

these 2),000 machines is $130,000,000 per year. This figure is based on fifty- 
two forty hour weeks. 

h 2 °t? er cent . °f this total profit is due to motorization, $26,000 000 Der 
year has been made through the use of motor drives. This share of the value 
ot work produced must be balanced against the cost of the drives If this 

ano a ther V $? a foo O^O F^ “f* the , d " ves , co f $2,500,000. Added to this is 
another $2,5 00,000 for motors and electrical equipment. 

$26 00ft nnftT Se m pr ° duCtivit 7 derived from motorization is seen to be 

S Tune W4? P % 7 uT’ fA* 0 * 1 t r ° Ug ^ ly $62,800,000 from January 1940 

drives On L FF u I r T T- *° taI is the $5,000,000 spent for motor 
drives. On the other hand, this $5,000,000 can also be turned into profit. 

ty-mne out of a hundred machines motorized have theoretically depre- 
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dated to minimum value before the motorization. Upon their renovation, 
they became capital assets of a quite considerable value. It can be stated as 
fact that the value of most machines motorized is increased from one to ten 
times. 

Fifteen per cent of the total advance in earnings of $62,800,000 since Janu¬ 
ary 1, 1940, or a sum of $9,420,000, can be conservatively credited to arc 
welded motor drives. As will be brought out later in this paper, if all the 
drives built were welded, probabilities are that earnings would have been about 
5 per cent more than those given in the above hypothetical example. 

It must be emphasized that these figures are purposely low. The total 
number of motorized machines is much higher than the number used in the 
example. Most machines now run 18 to 24 hours a day instead of eight, and 
they make more than $2.50 an hour for their owners. 

The benefits resulting from the motorization of machine tools have been 
enumerated above. The next section of this paper will deal with the role of 
arc welding in their manufacture as opposed to cast construction. 

Part Two—Comparison of Arc ^Welded Drive Units with Cast Iron 
Types—The comparison of arc welded construction of motor drives with 
cast iron construction, the only feasible alternative method of manufacture, 
brings out a number of important points in favor of arc welding. 

This company originally built motor drives of cast iron. In 1936 an expert 
mental welded steel drive was built and tested on one of our own machines. 
This drive still runs the same turret lathe. 

The surprising results of this experiment can be tabulated briefly as 
follows: 

1. Material and labor cost of the test column was $12.85. The cast iron 
drive it replaced cost $15.07. This was a cost reduction of 15 per cent. 

2. A 10 per cent saving in the erection cost was noted. The reason for 
this was the light weight of the all steel drive column, which materially aided 
the millwright. 

3. The steel column absorbed shock more efficiently than did the cast 
column. The quality of work done on this one machine was improved because 
the power transmission shocks were dampened. 

4. Most important of all, arc welded drives allowed the manufacture of 
any conceivable design for any possible application. Since 1936 this company 
has produced 3100 distinct drive types. Most of these are variations of stand¬ 
ard units. At least half of these types were used only once or twice, since 
they were designed for special equipment which is rarely found in industry. 

Since motor drives sell for as little as $26 and rarely cost more than $300, 
it is obvious that this company could not have afforded the huge pattern cost, 
were each of these drives made from cast iron. 

Point four is of the utmost importance. Most drive manufacturers today 
are content to build a few sizes and styles of standardized brackets. Their be¬ 
lief is that most machines can be motorized with these standard shapes. At the 
same time they feel that money is saved as a result of quantity production. 

Both of these points are partially true. The writer does not mean to cast 
aspersions upon competitive products, but it is necessary to analyze these two 
factors. Arc welding is distinctly superior to cast iron construction in drive 
manufacture, and the reasons must be stated. 

Any .engineer will agree that a machine part built for a specific purpose 
will do a better job than an item which serves many similar purposes. An 
adjustable wrench will fit many sizes of nuts, for example, but an end wrench 
will tighten one nut more times without springing. 
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It is the same with motor drives. 'When arc welded forms are used, a 
properly engineered drive can be built for any machine that has a wheel to 
turn. There is no necessity, for example, to carry a cast column eight inches 
behind the back gears of a small lathe, merely because patterns have to be 
made which fit all similar machine types. 

There is no necessity for the purchaser of a drive to weld up a sub-bracket 
upon which to mount the standardised cast drive. An arc welded drive can 
be built to fit any mounting condition. There is no necessity to brace a 



Fig. 2. Improved working conditions by motorized equipment. 


shaky cast drive with straps and bars. If insufficient mounting space is avail¬ 
able, the arc welded drive can be designed to utilise any possible additional 
points of support, such as shown in Fig. 3. There is no necessity to chip off 
sections of a cast column because the custom built welded drive can make 
allowances for obstructions. These points illustrate the fact that a properly 
engineered arc welded drive can be mounted in 10 to 25 per cent less time 
than a similar cast drive. 

A drive designed to fit a certain machine is also better looking. Instead of 
appearing as though it were "stuck on”, it becomes an integral part of the 
machine and performs as such. A glance at Fig. 4 will show this to a marked 
degree. In Part I it was stated that a welded steel drive produced better 
work on the same machine than did the original cast drive. This saving alone 
can add up to perhaps 5 per cent. It should be understood that there are 
numerous outstanding exceptions to this statement. Some cast drives, such as 
those sometimes built by the original equipment manufacturers, are very 
good. 

The superior strength of steel columns compared to cast iron columns of 
the same dimensions can be seen from figures of their average strengths. 
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Medium Cast Iron 

Structural Steel 

Tensile strength . 

Compression . 

Shear . 

Yield point . 

Modulus of elasticity. 

. 22,000 

. 100,000 

. 24,000 

. 16,000,000 

60,000 

60,000 

45,000 

30,000 

29,000,000 


Drive columns^ are subjected to external stresses which include tension, 
compression, bending, shearing, and torsion. They are built strong enough 
to carry, as dead weight, hundreds or thousands of pounds in excess of their 
actual loading. The difficulty in their design is the necessity to cope with 
vibration set up by unbalanced rotating members. 

One of the major faults with nearly every cast drive column manufactured 
today is that the width of the column exceeds the depth. Gorrect design 
dictates that the greatest depth of metal be in the direction of greatest stress, 
which in most drives is the belt load. 


Fig. 3. Heavy-duty 15-horsepower drive of all welded steel construction* 
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Fig. 4. Low-swing lathe with welded steel pulley drive. 


The resistance of a column to bending increases as the square of the 
column's depth in the direction of the force, and only directly as its width, 
according to the formula for the section modulus. Therefore, most cast drives, 
which are wide but not deep, are incorrectly designed. 

The box section affords the greatest resistance to stresses applied in two 
directions for any given weight of metal, but it is difficult and costly to cast. As 
a result, most cast columns are made in T'section or channel section. These 
shapes are structurally unable to resist the stresses set up in a drive. Since they 
are of an unsound cross section, more metal must be used to make them capable 
of carrying a given load. 

And since they are cast iron, roughly 30 per cent more metal has to be 
used than if they were steel, even if the cast column were in box section. For 
economy of materials, therefore, it is unwise to use cast iron for columns and 
brackets. 

Calculations for strength of columns under different sets of stresses are 
quite complex, and will not be illustrated here. It is sufficient to say that any 
given cast iron column must be at least 30 per cent heavier than the equiva- 
lent steel column, if both are box section. If the cast column is channel or 
T'section, it must be 70 to 150 per cent heavier if designed to resist the same 
loadings. Drive manufacturers realise this, and in order to build cast columns 
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as light as possible, they depend upon external support to make up the de¬ 
ficiency of design and metal. 

If, to the improper shapes used in cast iron columns, is added the fact that 
they are designed with deep throats and great length to fit many different ma¬ 
chines, it can be realised that a cast iron bracket is most inferior to the equiva¬ 
lent steel column. Another important consideration is that cast columns often 
break, especially at the base, because of their brittle material. 

In conclusion, it is possible to design a cast iron drive which is cheaper 
than the corresponding welded steel drive. It can be done, however, only at 
a sacrifice in efficiency, appearance, and durability. 

To illustrate the impracticability of attempting to build a cast drive equal 
in performance to an arc welded drive, the recent experience of this company 
will be cited. 

In June 1941 we decided to make a cast iron unit to fit average lathes 
and screw machines. The column was not to be inordinately deep and long 
in order to achieve versatility, and the features of the welded steel drive were 
to be duplicated as far as possible, (See Fig. 5). 

A box section column was designed with careful attention to wall thick¬ 
nesses. All the mating parts were carefully machined in welded jigs and fix¬ 
tures, to fit together closely. 

When the job was done we found the resultant drive to be inferior to our 
standard product, and that its cost, in an attempt to equal the performance of 
the welded steel drive, was greater by 34 per cent. The original order was 
for 25 units, and we took the drive from the market after selling thirteen. 

Cost data of this cast drive compared to that of the standard unit follows. 
In all the cost analyses to follow, only labor and material costs are considered. 



Fig. 5. Cast iron drive mounted on hand screw machine. 
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Our overhead includes welding wire, gas for flame^cutting, and engineering 
expenses. Cap screws, sheaves and belts and other finished materials are not 
included. 


Cast Transmission Drive 


Material 

Column _58# @ .09 5.22 

Head Casting.32# @ .08 2.56 

Ram _ 19# @ 1-23 

Motor Arms . 10# @ .75 

Clamps - 5# @ .10 .50 

Total ____-.-.---$10.26 


Labor 

Column ---—$ 2.75 

Head Casting 1.07 

Ram .. 1.04 

Motor Arms ..—-.-.70 

Clamp .-.—---- -21 

Assembly —.-...-.60 


Total .....-.-.$ 6.37 

Total Cost, Material and Labor....$16.63 


Standard Welded Steel Drive'* 1 *' 


Material 

%e" P^te ..35# 

X 6" H.R.S.11# 

2!/2" Pipe _ 8" 

Seamless Steel Tubing.. 14" 

Round C.D.S.20# 

J4" Plate 8# 

J/T X 8" Bar 7# 

Total 


Labor 

Cut .. 5 Hr. 

Weld _ 2.7 Hr. 

Grind ..1.0 Hr. 

Machine Work_1.4 Hr. 

Ream - 8 Hr. 

Assembly _ .8 Hr. 


@ $ 4.60 per cwt.1.61 

@ 3.65 per cwt.40 

@ 23.54 per 100' _ .15 

@ 63.92 per 100' . 76 

@ 5.04 per cwt. _ 1.40 

@ 4.75 per cwt...38 

@ 4.75 per cwt__ .33 

5.03 

@ $1.00 .50 

@ .85 2.29 

@ .55 .55 

@ .70 .98 

@ .60 .48 

@ .70 .56 


Total ---$ 5.36 

Total Cost, Material and Labor..$10.39 


*The set of figures given for the Standard W'elded Steel Bracket are the same as those 
given in Part Four, as an example of our most recent cost analysis of the transmission 
type. 
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t Pattern cost for the cast drive was $148.95. Jigs and fixtures were $124.38. 

X In quantity production this total of $273.33 would be absorbed to the vanish" 
ing point. This drive, although the equal of any cast iron drive on the mar¬ 
ket, could not compete on even terms with the welded unit. Customers who 
bought both styles specified the welded steel drive on their repeat orders. 
Hence, it was discontinued, and the remaining columns lie in storage. 

These comparative costs may seem out of line. The writer can give assur¬ 
ance that they were checked most carefully with the help of the office man¬ 
ager of this company. 

The conclusions that can be drawn from the above discussion are most 
important. On our own machine, and subsequently on all our machines, the 
welded steel drive allowed the production of superior work. It is the belief 
of the writer that a 5 per cent increase in production can be established with 
the use of welded steel drives as opposed to the use of cast iron drives. 

It can also be seen that welded construction is not able to compete on an 
event cost basis with cast construction, if in the latter no attempt is made to 
equal the performance of the welded steel drive. 

If castings are so designed that they nearly equal performance of a simi¬ 
lar arc welded unit, then the cost is exorbitant, if our own experience is any 
criterion. 

Part Three—Description of the Fabrication of Arc Welded Motor Drives 

—The sequence of operations used by this company is simple. When an order 
for a drive unit is received, it is first sent to the engineering department. The 
sketch of the machine is compared with designs of similar machines already 
drawn up. If no drawing is suitable for the unit on order, a new drive is 
laid out by a draftsman. 

From engineering, the completed design is sent to the stock room, where 
necessary finished parts are selected. The parts taken from the stock room 
are divided into two classes: those which go directly to assembly, and those 
incorporated into the column in the welding department. 

The basic drive is built in the welding room. It is then ground and taken 
to the assembly department. Here the various pieces of finished stock are 
added. The drive is painted with machinery enamel, crated, and shipped. 
This whole cycle can be completed in a day if the drive is a more or less 
standard type. 

The motor drives manufactured by this company can be divided into three 
main classifications. 

1. Welded steel box section columns. 

2. Structural square tubing assemblies. 

3. Flat panel supports. 

The manufacture of each of these three types presents individual problems 
which will be considered separately. 

Welded Steel Box Section Columns—Columns built by this company 
are made from % G -inch and J/^-inch hot-rolled plate. When drive parts go 
to the welding room, a template of the column accompanies them. The side 
panels of the column are cut to the shape of the template by means of a flame¬ 
cutting pantograph specially built for the purpose. 

The two side panels are cut separately, lightly tacked together, and ground 
smooth. An attempt was made to stack-cut the plate, but it was not economical 
for our purposes. The wide mill plates, are somewhat wavy, and it was neces¬ 
sary to clamp them together so carefully that the additional expense more than 
offset the saving in cutting time. 
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After they are ground, the two side panels are set up in a jig and tack 
welded to the base plate and head piece. Sheared plates of the correct width 
are bent and then tacked to the side panels to complete the box section. Tacks 
are made every three or four inches in order to minimise distortion from 
welding. If the column is very large, internal bracing is added before the 
tacking operation is completed. The bracing eliminates any tendency for the 
column to weave or vibrate under load. For drive sizes under 7 l / 2 horsepower, 
internal struts are rarely used. 

After tacking, the column is welded up. On heavy fillets, like that 
which joins the column to the base plate, a %6'inch fillet rod is used. This 
gives a beautiful, smooth, concave bead which requires no finishing. The fillet 
is usually completed in one pass. The column proper is welded together with 
a poor fit "Up rod % 2 hich in diameter. The corner welds are completed in one 
pass, downhand, by the use of a small circular weave, which makes a smooth 
weld requiring less grinding. The top end of the column fits around the head 
piece, usually a length of tubing or pipe of various diameters. This head piece 
is welded to the column by means of a figure eight or long weave weld. 

There is no advantage in using a deep penetration rod for this work. No 
stress approaching the tensile strength of the metal is ever applied to a column. 
Furthermore, a “hot” rod tends to burn through in spots where fit"up is not 
good. Coated rods are used to obtain greater ductility and purity of weld 
metal. Ductility is very advantageous in tacking, for the tacks can withstand 
considerable abuse from a hammer. 

Columns were formerly welded up on benches with chocks of various sizes 
to hold them in place. A work positioner was recently completed which allows 
the welder to complete a column without the difficulty of hand positioning. 
This fixture will be further discussed under costs in Part IV. 
i The problem of work distortion due to the contraction of weld metal is 
' not serious. Columns are well tacked and the weld does not pull them notice" 
ably. Careful welding in a set sequence controls distortion to a large extent. 
Opposite corners of the column are welded first, then the base plate, and 
finally the head piece. If a plate bows to any extent it is straightened in an 
air press. On close work the weld is stressed with an air hammer. This is not 
a common occurrence, since it is rarely necessary to work closer than ]/8"inch. 
Only one application is hampered by distortion, and it will be discussed under 
Part II of this section. 

Structural Square Tubing Assemblies—Drives are often built from struc" 
tural square tubing. This method of construction is very inexpensive. Box 
sections are already provided in the tubing, and the only welding required 
is in butt welding the lengths of tubing together with the poor fit"Up rod 
mentioned above. 

Fig. 6 shows to good advantage one of the methods of belt adjustment 
used by this company. This method of adjustment is also used on box section 
columns. Welded to the motor plate is a piece of cold drawn steel, or ground 
steel tubing with or without acme threads, depending upon the particular 
application. This piece is provided with a Yz x J/gdnch keyway. The whole 
sub"assembly fits into a socket of seamless tubing. After the two assemblies 
have been lined up, a Yl x ]/8"inch key is welded to the female assembly. 
This is accomplished by bending the last J^pinch of the key to a right angle 
so that the ends project through two V^'inch holes drilled near the ends of 
the tube.. The ^2 "inch hole is then filled with weld metal, immobilizing the 
key. 
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Fig. 6. Special drive units built for punch presses. 


Engineers have sometimes been surprised that such an arrangement is 
strong enough to withstand the torque to which the units are subjected. They 
point out that the welding rod has barely begun to work by the time the hole 
is filled up. As a result, the weld is impure. This is a valid criticism. The 
only possible answer is that in upwards of 1500 applications, some of which 
have been in use for five years, not one failure has been recorded. 

Distortion due to welding detrimentally affects only this sliding tube 
assembly. The female member is pulled out of round by as much as inch. 
It is consequently necessary to ream out each tube after it has been welded. 
The cost of this operation is not excessive, as is shown in the various cost 
sheets presented. A large radial drill with special chucks and fixtures is used 
for the job. 

Structural square tubing is surprisingly strong. It has been used on drive 
units up to 15 horsepower in size. Compared to a column of the same sec¬ 
tion welded up from I/q-inch plate, the tubing is about 60 per cent cheaper. 
Its use is restricted to short spans and vertical members, as shown in the vari¬ 
ous illustrations. From a sound engineering standpoint, square tubing does not 
make a true application, since the transverse axes of the tubing are of the same 
length at both top and bottom. This is not an important drawback. 

Flat Panel Supports—The third main classification of drives embraces 
those units whose main supporting members are flame-cut from V-y, 34", 
and 1-inch plate. 

The largest drive ever built by this company is of this type. It was made 
from a panel of 1-inch plate with stiffeners welded across the bottom side. 
The drive stands in a horizontal plane and Is held In place by four adjustable 
screws, which in turn are welded to vertical pads of 54-inch plate bolted to 
the machine. 

Our use of panel sections came as a result of an attempt to cut the cost 
of large planer drive units. The two vertical support members which rest upon 
the curve of the planer yoke were formerly made in box section. In February 
1941 these two sections were replaced by panels of 54 'inch plate, flame-cut 
and ground to the correct shape on a test model for our own planer. The new 
type of construction proved to be every bit as rigid as the original, and a 
saving of 25 per cent in manufacturing cost was made. 
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The use of panels is restricted. Excessive unsupported length leads to bend¬ 
ing of the plate. For comparatively short sections, the panel is as satisfactory 
as any box section could be. As noted above, it is a cheap type of unit to 
build. The only welding required is the mounting of various pads on the 
panel. These are all attached by means of positioned fillets or butt welds. 

Part Four—Cost Analysis of a Standard Type Drive Unit from January 
1940 to May 1942—The major obstacle in an attempt to show complete cost 
records of our product since 1940 is the great mass of data which must be 
presented. Since so many different kinds and sizes of drives are built by this 
company, a comprehensive cost picture is nearly impossible to make, except 
on the most general grounds. 

In order to present a short, true, cost analysis, the writer has chosen to 
give data on one type of drive only: the gear transmission drive for standard 
14 and 16-inch lathes. This drive type accounts for approximately one-twen¬ 
tieth of the production volume of this company. 

In all the breakdowns that follow, no overhead or selling expense is in¬ 
cluded. No sheaves, belts, electrical equipment, gear boxes, or finished mate¬ 
rials such as nuts and bolts are considered. All the material costs, excepting 
that of cast iron, are based upon quantity purchases at today's market prices. 

The first model of the drive to be analysed was built in February 1940. 
(Fig. 7). The engineers believed that economy would be obtained by the mod¬ 
ification of an existing drive type. Accordingly, one new casting was designed 
and added to a drive style already in production. This proved to be an expen¬ 
sive economy. The drive worked very well and its appearance was excellent, 
but the cost of manufacture was excessive. Its production was discontinued 
after six units were sold. 


Material 


Cost Data for Drive No. 1087 (Fig. 7) 
February 1940 


5 Castings .5 2# @ $ .07 .. 

Steel Plate.__37 # @ 3.65 per cwt. 

Seamless Steel Tubing.. 5" @ 63.92 per 100' 

Vi6 ,f Steel Plate . 8 jp @ 3.65 per cwt. 

Miscellaneous Items .. 

(Handwheel, Bushings, Pins, etc.) 


$ 


3.64 

1.35 

.27 

.29 

2.40 


Total 


Labor 

Cut __ 5 Hr. 

Weld ..__4.2 Hr. 

Grind _1.0 Hr. 

Machine Work..5.6 Hr. 

Assembly . 2.1 Hr. 


$ 7.95 


@ $ 

.80 _ 

-__$ .40 

@ 

.80 _ 

-... 3.36 

@ 

.50 .. 

.-.50 

@ 

.65 .. 

_ 3.64 

@ 

.60 ... 

.. 1.26 


Total --$ 9.16 

Total Material and Labor.!_____$17.11 


The next design. Fig. 8, worked out swung in the opposite extreme. In an 
attempt to cut costs, a drive of inferior characteristics was produced. There 
were two drawbacks to the new design. First, when the take-off belt to the 
machine was adjusted, it automatically changed the centers on the V belt input 
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drive, necessitating double work to tighten one belt. Second, the column was 
of a top heavy and unwieldy appearance. The first of these drives was built 
in July 1940 and only two of the model were produced. 


Cost Data for Drive No. 1364 (Fig. 8) 
July 1940 


Material 

1 Casting -16# @ $ .08 .. 

y i6 " Steel Plate_56# @ 3.65 per cwt. 

Seamless Steel Tubing__ 6" @ 63.92 per 100' 

1 Bronze Nut _ 


$ 


1.28 

2.04 

.32 

.44 


Total ___$ 4.C 

Labor 

Cut _ .6 Hr. @ $ .80 .48 

Weld __ 3.8 Hr. @ .80 3.04 

Grind .-...1.2 Hr. @ .55 .66 

Machine Work _2.5 Hr. @ .65 1.62 

Ream .. 1.4 Hr. @ .62l/ 2 .88 

Assembly _ .8 Hr. @ .50 .40 


Total .....$ 7.08 

Total Cost, Material and Labor.....$11.16 


Since this design did not prove successful, an immediate change was made 
in the basic design. Both the motor and transmission were mounted on the 
same vertical adjusting screw, (See Fig. 9). This eliminated the necessity 
of adjusting both sets of belts at the same time. The bulky column was also 
discarded. Figures for this drive, a good model, which was first built in August 
1940 show an increase in cost. The advanced design more than offset this 
increase. 


Cost Data for Drive No. 1479 (Fig. 9) 
August 1940 

Material 

1 Casting_Id# @ $ .08 ...$ 

% 6 " Steel Plate_40# @ 4.40 per cwt. - 

%" X 6" H.R.S.11# (a) 3.65 per cwt. _ 

Seamless Steel.15" @ 63.92 per 100' - 

2 1 / 2 " ^on Pipe . 9" @ 23.54 per 100' - 

1 Bronze nut ---- 

2 V 2 " rd. C.D.S.10# @ 5.04 per cwt. - 


1.28 

1.76 

.40 

.78 

.17 

.44 

.70 


Total .$ 5.5 3 

Labor 

Cut . 5 Hr. @ $ .80 -40 

Weld _ ... 3.6 Hr. @ .80 2.88 

Grind .1.0 Hr. @ .55 .55 

Machine Work _3.4 Hr. @ .65 2.21 

Ream _ 1.2 Hr. @ .50 -60 

Assembly .1.2 Hr. @ .65 .78 

Total ----.$ 7.42 


Total Cost, Material and Labor.-.—.$12.95 
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(Left to right): Fig. 7. Design #1, gear transmission drive. Fig. 8. Design #2. gear trans¬ 
mission drive. Fig. 9. Design $3, gear transmission drive. Fig. 10. Design $4, gear 

transmission drive. 


A number of drives of this type were built in the period from August 
to December 1940. No appreciable reduction in cost was noted during this 
period. 

In October 1940 a new design, (See Fig. 10), for the medium size gear 
transmission was decided upon, and became the unit which has been manu¬ 
factured from that time to the present. We have been unable to improve 
upon this design, and emphasis has been placed upon an attempt to standardize 
shop procedure. This has met with a measure of success, as can be seen in a 
cost comparison of the first drive of the type and a similar one built in April 
1942. 


Material 


Cost Data for Drive No. 1826 (Fig. 10) 


Steel Plate_36# @ 

Seamless Steel Tubing.. 14" @ 

1V 2 " rd. C.R.S.20# @ 

-•£" Iron Pipe_ 8" @ 

J/T X 8' Bar... 8# @ 

J4" Plate__ 8# @ 

1 Bronze Nut_ @ 


Total 


$ 3.65 per cwt. _$ 1.31 

63.92 per 100' _ .76 

5.04 per cwt. _ 1.40 

23.54 per 100'.15 

4.75 per cwt. _ .38 

4.75 per cwt. _ .38 

.44 .... .44 


4.82 


Labor 


Cut . .5 Hr. @ $ .85 .42 

Weld ..__._3.8Hr. @ .85 3.23 

Grind -1.0 Hr. @ .55 .55 

Machine Work.___2.6 Hr. @ .65 1.69 

Ream __ 1.0 Hr. @ .55 .55 

Assembly _1.3 Hr. @ .65 .84 

Total _________$ 7.28 


Total Cost, Material and Labor ....$12.10 
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Material 


Cost Data for Drive No. 2840 


%6 ^ate . 35# 

y 4 '" X 6" H.R.S_11# 

2K 2 " PiP e -----.-.- 8 " 

Seamless Steel Tubing.. 14" 

2 1 / 2 " round C.D.S.20# 

l/ 2 " Plate .. 8# 

1 / 2 " X 8" Bar .. 7# 

Total 


@ !> 4.60 per cwt. ..$ 1.61 

@ 3.65 per cwt. .40 

@ 23.54 per 100' .15 

@ 63.92 per 100' .76 

@ 5.04 per cwt. 1.40 

@ 4.75 per cwt. 38 

@ 4.75 per cwt. 33 


5.03 


Labor 


Cut ... 

.5 Hr. @ 

$1.00 . 

..50 

Weld .-.. 

_2.7 Hr. @ 

.85 

2.29 

Grind _ 

.1.0 Hr. @ 

.55 

.55 

Machine Work ... 

_1.4 Hr. @ 

.70 

.98 

Ream -- 

_ .8 Hr. @ 

.60 

.48 

Assembly -- 

.8 Hr. @ 

.70 

.56 


Total -.-.-..$ 5.36 

Total Cost, Material and Labor ...$10.39 


The decreased labor costs shown in the last example are the result of stand¬ 
ardisation of procedure and improvement in jigs and fixtures. 

After the first unit proved a success, a group of detail drawings were 
made showing the exact construction details of the five^ siz,es of upper assemblies 
built. The drive columns were built in the same fashion as they always had 

been. . . , , , 

Jigs for welding the upper assemblies were soon devised, and tftey were 

made in quantities of ten instead of individually. Machined pieces were 

turned out in lots of thirty. . . , , , . 

When it became apparent that no further cost reduction could be made m 
the upper assembly, attention was turned to the manufacture oi columns. 
Twenty standard column designs were laid out. A new Jig for building ; 
columns was made, and a positioner for welding them was devised. 

The jig and positioner deserve mention. The column jig consists of a 
horizontal bar of cold drawn steel which carries a slide. On the slide is 
mounted a vertical screw with a clamp that holds the head piece of the column. 
The head piece can be lifted any desired distance by turning, a handwheel on 
the screw. A steel rule is provided for measuring off the desired height The 
horizontal steel bar is also provided with a rule which allows the welder to s 
the jig to the correct length in a moment’s time. At the other end of the pg 
is another vertical screw which carries a flat machined plate u P°n which the 
column base plates are clamped. This screw is also provided 
handwheel. Center lines are automatically determined by gauge bars wh 

fit over the length of cold drawn steel. , j u v 

It has been found that fit-up time on any column has been reduced 
approximately 1? percent by the use of this new Jig- The ^vmg amounts 
to a sizeable sum, since fit-up takes much longer than the ^ u ^ ^ eld ^' blin 
More recently a work positioner was completed. An old tilting turn g 
with l fixture tor holding column, winch replaced the 
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barrel. A brake was placed on the axis of rotation. The use of this positioner 
cuts welding time by about ten percent, mainly because the welder does not 
need to move the column around on a table and block it up to different 
positions. Experiments are being made at the present time with vertical down 
welding of the column corners, and this may further cut the welding time, 
although the amount will be very small. 

Breakdown of the figures given above shows tJtiat the cost of the first trans' 
mission drive was 39 percent more than the cost of the last example given. 
This is hardly a fair comparison, since the first unit employed the use of 
expensive castings and machine work. The most important point to consider 
is that a better looking, cheaper, and more efficient drive was eventually 
worked out, and that in the latest model, arc welding is employed exclusively. 

After the drive type was frozen, the comparison of costs in the last two 
examples shows that refinement in procedure has made possible a cost re' 
duction of 14 percent, even though labor costs have risen by 7 percent. 



Fig. 11. Standard gear transmission drive. 
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In the cost accounting system used by this company, engineering time is 
considered as overhead. Two different periods were analysed in an effort to 
t determine the cost of engineering; the first three months in 1940 and the first 
quarter of 1942. An interesting point was established. In each period, the 
cost of engineering was $1.37 per drive unit. On a percentage basis the 
earlier engineering cost was 1.05 per cent of the sales price of the drive, and 
the later cost was 1.02 per cent of the price. 

This is a low figure when it is considered that the engineers make new 
drawings or adapt old ones for every drive which enters the shop. The writer 
has been told that engineering expense necessary in the employment of arc 
welding for motor drives is excessive. The experience of this company does not 
confirm this statement. 

An estimate of the total savings effected by this company in the last year 
as a result of the improvements listed above, can easily be made. On the gear 
transmission type drive, (See Fig. 11), the savings amount to approximately 
$2242. Savings accruing from the use of improved techniques and designs in 
the manufacture of our other drives are not so large. They have been in 
production for a longer period of time, and the standardised design types 
have been worked out. A 5 per cent reduction in manufacturing costs has 
been offset by the increase in wages. The saving, however, is approximately 

per year. 

Part Five—Conclusion—This paper has attempted to show the benefits 
derived from the use of arc welding in the manufacture of motor drives. The 
conclusions drawn, in order of their appearance in the paper, are here stated 
as briefly as possible: 

1. Important benefits to industry result from the use of motor drives. 

a. Machines can be placed to best advantage. 

b. Speeds are corrected. 

c. More power is transmitted. 

d. Psychological benefits of a cleaner, lighter plant lead to increased 
production. 

The result of these factors is a productive increase of at least twenty per" 

* cent per machine. On the assumption that 25,000 machines have been motor" 
ized since 1940, each machine now makes.$2.50 per hour. Total earnings 
of the motorized machines have been $130,000,000 a year. Twenty percent 
of this total can be ascribed to motorization, a sum of about $62,800,000, in 
the period from January 1st, 1940 to June 1st, 1942. Arc Welded drives can 
be considered to directly account for 15 per cent of this total. 

2. If all motor drives used by industry were arc welded, the probabilities 
are that production would further be increased, since arc welded drives are 
more efficient. Furthermore, the expense of installing a standardized drive is 
probably 25 per cent of the cost of the unit, while the installation expense of 
an arc welded drive is nearer 15 percent. This is because the drive is built to 
fit the machine. 

3. This company originally built drives from cast iron. A saving of 
t 15 percent in manufacturing costs was made when arc welded steel drives 

replaced the cast iron types. 

4. The use of cast iron in drive columns is not sound engineering practice. 

a. Cast iron columns must be more bulky since the material is not as 

strong as steel. 
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b. Cast iron columns are usually of the wrong cross section, since box 
section columns are difficult and expensive to cast. 

c. The necessity of standardization to cut pattern costs leads to the 
cast column being inordinately deep and long, which affects its per¬ 
formance adversely. 

d. Welded steel allows a flexibility not obtainable in cast iron. There¬ 
fore, drives for machines of any description can be built. 

5. This company recently attempted to devise a cast iron drive with all the 
features of our standard welded steel column. The experiment was un¬ 
successful. The cast drive, in an effort to make it of good quality, cost 34 per 
cent more than the equivalent steel drive. 

6. If all drive manufacturers were to build drives from welded steel, they 
would realize a saving of 1? to 20 percent a year, if their experience 
were the same as our own. This cannot be stated categorically, however, 
since their costs, due to certain limitations in design, are probably lower than 
our own were. 

7. Manufacturing costs of standard drive unit manufactured by this com¬ 
pany show a reduction of 39 per cent in the period from January 1st, 1940 to 
May 1st, 1942. The reasons for this reduction: 

a. Improvement in design, with the elimination of castings. 

b. Improvement in manufacturing procedure by means of quantity 
production of standardized sub-assemblies and the use of better jigs 
and fixtures. 

8. The savings which were realized from the improvements in design and 
construction amount to approximately $2,242 a year for this type of drive. 

9. The total savings due to improvements in design and construction of 
all the products of this company amount to approximately $10,242 in the 
past year. This is proportionately less than the savings recorded in the example 
given, since most of our products have been built for a longer period of time 
and consequently construction procedures were further advanced. 

The major conclusion which may be drawn from this paper is: For the 
motorization of machine tools, no type of construction yet devised can equal 
the welded steel bracket, in point of view of breadth of application, maximum 
strength, and economy of materials and construction. 



Chapter XX—"Welded Steel in Paper-Making Machinery 

By R. S. Conabee, 

Engineer , Lu\enweld, Inc., Coatesville, Pennsylvania 


Subject Matter: By welding, the surface irregularities of riveting 
and subsequent lumping of pulp were eliminated. A welded 
open “C” supporting framework with ‘ , ‘kickout‘ ,, blocks per¬ 
mitted easy replacement of Fourdrinier wire. In welded design, 
suction boxes become integral with beam section of framework, 
thereby adding to strength. These are separately mounted in 
cast iron units. Uniform drying necessary for uniform paper. 
This is successfully accomplished by forming a steam drying 
drum from separate steel sheets welded together—a real welding 
accomplishment. Design could be changed during fabrication in 
a welded unit. Weight and cost data broken down. Savings up 
to 77 and 130 per cent suggested. 

To the welding fabricator, the paper-making trade is a relatively 
uncharted territory. In order to invade this territory, the welding fabricator 
must make himself familiar with the problems confronting the paper maker 
and the paper machine fabricator in order to functionally adapt his weld¬ 
ments. 

The paper machine tender learns his trade over a long period and is 
inclined to the viewpoint that the difference between good paper and poor 
paper lies entirely in his skill, and that the machine itself is secondary. I do 
not contest this. The situation, however, has hindered the progress of 
the machine parts in keeping with the progress in other fields. An experi- 
enced paper maker said, at the recent meeting of the Technical Association 
of Pulp and Paper Manufacturers, that relatively little progress has been 
made in the science of making and drying paper in the last fifty years. The 
same can be said of the paper machine. 

In this field as in others, there has been an ever increasing demand from 
management for greater production. Existing paper machines have been 
speeded up by the adoption of more modern power plants and drives, and 
by increasing the efficiency or numbers of drying cylinders of the machines. 
The tendency in paper machine manufacturers has been to wider spans and 
higher speeds. With the increase in span and speed, the conventional 
machine structures, especially in regard to materials, are beginning to show 
design limitations. Manufacturers are beginning to turn to steel in order 
to satisfy the demand for stiffness and strength required in the new machine 
structures. Welded steel, incorporating large sried predictable structures, 
with a high strength to weight ratio, furnishes the best answer to these 
problems. 

Our company, a welding fabricator, has been for some time producing 
steel dryers that enabled machines to step up their drying capacity as machine 
speeds were increased. Recently, having with us a paper machinery and 
paper making expert, we obtained a far-sighted customer willing to take a 
chance on a new design and a new material in an all-welded steel paper 
machine. I was fortunate enough to draw the assignment of designing 
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Fig. 1 . The subject of study. 


the welded steel parts necessary for the machine, (See Figs. 1 and 2). I 
cannot claim that alt the design on the welded steel elements is my own— 
a great portion of it was developed from the best ideas drawn from a number 
thrown in a hat, as most machinery is designed. 

I do not intend to go into the principles of making or welding the paper 
machine parts—enough material can be found in any handbook or drawn 
from the fabricators' experience for that. At the same time, digressions 
made into the paper making processes may sound like McGuffey's “First 
Reader" to the paper expert. The principal intention is to demonstrate to 
the welding fabricator that welded steel is admirably suited to the making 
of paper machinery. 

While the primary intention of this paper is to present the advantages 
of welded steel in the paper making field, it will be helpful to go into the 
actual operations in the making and drying of paper in order to understand 
the job assigned to the welded parts. The operations noted in the subsequent 
paragraph may be traced through the machine by following the lettered 
symbols on the assembly print. Fig. 3. 

Briefly, the machine is of the Fourdrinier type in which the paper stock, 
an extremely dilute suspension of pulp fibres in water, is directed (A) onto 
a moving fine mesh wire screen, (B) most of the water passing through the 
screen, depositing a thin film of wet pulp on its surface. The wire passes 
over suction boxes (C), which drag out part of the moisture as it passes 
to the couch rolls (D), where a steam drum on the upper side of a felt 
picks up the film on the felt surface. Another felt strip is passed up to the 
exposed side of the film and the resulting sandwich squeezed by a press 
roll (E), removing more of the moisture. The film is then plastered up 
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against the first Yankee dryer by a rubber covered roll (F) where it remains 
by itself, the felts returning over a series of rolls where they are sprayed 
to remove any fuss; remaining, removing the excess moisture by suction (G). 

The paper film on the drum^is rapidly dried and scraped off at (H) by a 
bronze blade, a process called creping \ The paper is now led over the 
secondary dryer (I) on its reverse side where the drying process is com' 
pleted. On the secondary dryer, the paper is held into close contact by 
means of a tight felt. 

The paper is now led through the calendar (J), an “ironing’*’ operation 
on a steam drum, thence to the reel (K) and wound on a spool. Processes 
(L) and (hi) illustrate unwinding two rolls into one sheet passing over a 
slitter roll, where it is score cut into desired widths, and rewound onto reels. 

The machine is designed to produce a wide range of light papers, among 
which are toilet tissue, napkin stock, facial tissue, light waxing stock, light 
M.G. papers, etc. 

Paper machinery manufacturers will note that the machine is quite 
compact. Many modern machines producing equivalent grades of paper 
occupy from two to three times the space of this machine, and have a 
proportionate increase in the number of parts, drying drums especially, 
required. 

In presenting the adaptation of welded steel to the welding fraternity, it 
will be necessary to go into these processes more thoroughly in order to 
demonstrate the functional design principles involved. 

The Fourdrinier Section—The first operation of the Fourdrinier, that of 
directing a stream of paper stock onto the moving wire, is one of the most 
delicate and most important in the whole paper making process. It is essem 
tial that this stream be of constant cross section, velocity and consistency 
throughout its entire width in order to insure a sheet of uniform quality and 
caliper. This is evident from the fact that each fiber is compressed and 
dried into paper in its relative position as deposited on the wire. 

The flow spreader designed for this job was constructed in three sections 
plus two end supports in order to facilitate machining. It would be quite 
feasible to fabricate the structure as a unit, but the machining problems 



Fig. 2. Table roll frame supported on open structures. 
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would be prohibitive. Prior to machining, the three flow sections were hot 
dip galvanised to prevent corrosion. 

Referring to the photograph, (Fig. 1), the stock is pumped into a large 
compartment which slows down the flow, permitting the stock to spread and 
develop an even pressure head across the entire width of the chest, and 
breaking up any tendency toward "streaking'”. The velocity is built up again 
as the flow rises through a passage that is gradually restricted in the direction 
of flow. At the height of its rise, the direction of the flow is changed abruptly 
and directed downward onto the wire. The resulting centrifuge develops a 
turbulence which effectively distributes the paper fibers, and insures coni" 
plete and uniform filling of the passage as the stream is directed downward 
onto the wire. 

The stock passage is entirely unrestricted through its entire length from 
pump to wire. This condition, while ideal from the flow standpoint, presents 
structural problems that are best met by a stiff welded steel construction. 
Pressure variation, or surges, tend to belly the nozzle outward, which ten" 
dency is greatest in the center due to restraint at the end, and since they may 
not be tied together, must be supported independently. To this end, twelve 
inch steel pipe is used as a beam over the upper lip and below the lower, and 
connected to their respective lips by ribs. 

Thus they support the plates which form the nozzle and offer the most 
effective resistance to the bellying action of the nozzle, since deflection in 
this direction must distort the tube torsionally. The efficacy of this con" 
struction was demonstrated by producing a glasslike film of pulp on the wire 
without the conventional screw adjustment on the lip, (See photograph. 
Fig. 2). 

The pipes are welded at their ends to a connecting plate which forms 
the side of the nozzle passage and furnishes a bolting flange to the end 
supports, note "Al” on Fig. 3, which hold the nozzle assembly as a canth 
lever out over the wire. These supports, which also are shown in Fig. 1, are 
simply and inexpensively produced as a single gas cut plate with pads welded 
to the feet to serve as bolting flanges. 

The moving bronze wire screen upon which the paper film is formed, 
is supported at the ends by rolls, on the top by intermediate table rolls, and 
tightened underneath by a stretch roll arrangement. 

The rails which support the table rolls were constructed of bent channel 
sections which furnish a concealed bolting surface, and braced laterally by 
an "X” frame as shown by Fig. 4. Note the inverted "V” section of the 
cross bracing member which allows smooth drainage from the wire to the 
collector pans hung from the framing. This is important from the standpoint 
that any shelving or projections allow the pulp fibers to collect and drop 
off in concentrations, resulting in irregular consistencies when recirculated. 

It would be impossible here to duplicate these sections and span in cast" 
ings; and a riveted structure would involve surface irregularities resulting 
in the undesirable pulp concentrations noted previously. 

The provision made for changing the wire is unique on the welded 
steel framing. Ordinarily, the rolls carrying the wire are moved out of their 
framing by a complicated auxiliary equipment and held free while the wire 
is changed. This entails a considerable amount of time as well as providing 
and maintaining auxiliaries. 

In the welded steel framing, the table roll frame is supported between 
two rectangular open structures, the upper beam of each supporting on its 
outboard side, the end wire rolls, as shown by Figs. 2 and 4. Note from 
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Fig. 3 that the wire passes through the open center of the supports, totally 
enclosing the upper beams within the wire. 

'When operating, the front rail supports and “kick out blocks”, noted in 
phantom, on Fig. 4, are in place, forming a closed and stable frame. When 
it is necessary to change the Fourdrinier wire, these pieces are removed, 
allowing thehvire to be slipped off and replaced over the entire roll assembly 
without obstruction. 

This feature presents design complications that were effectively met by 
welded steel. It will be noted that the end reactions of the couch roll, table 
rolls and rails, suction boxes, bearings and miscellaneous machine parts, are 
supported by what amounts to an open “C” frame when the front blocks 
are removed. The total reaction amounts to approximately 9000 pounds, 
distributed 7000 pounds to the couch end and 2000 pounds to the breast 
roll end. The end reaction of the couch roll, being outboard of the support, 
imposes an additional torsional moment. Neglecting torsion, this structure 
can be compared to a 3 */ 2 -ton “C” frame with an open throat of 155 inches. 

To provide this support, the frame illustrated in Fig. 5 was developed, 
incorporating a box section because of the torsional load. The side plates 
were gas cut from sheared rectangular plates; the top and bottom flanges 
and the throat members were universal mill rolled flats. 

The two flanges and the internal ribs were designed to constitute a rigid 
truss, as shown in the lower left hand corner of Fig, 4, and further rein¬ 
forced by the side plates as shear members. Stresses were kept low, approxi¬ 
mately 4,500 pounds per square inch, in order to have little deflection. 

The flat plate frame shown in Fig. 6 was developed to perform a similar 
function on the breast roll end of the frame. A flat plate is suitable here since 
the torsional moment is negligible and the total reaction at this end compara¬ 
tively light. The economy of such a structure using a single gas cut plate 
as the principal member is apparent. 

Design Comparison of Cast Iron and Steel in the Couch Roll Support, 
(Fig. 5)—The following computations for the welded steel couch support 
have been simplified for a quick comparison with a cast iron frame having 
the same stiffness characteristics within the same space limitations. 



Fig. 4. Hails constructed on bent channel sections. 
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The deflection is based here on the average beam section loaded as a 
cantilever, neglecting deflection in the throat section and restraint of the rear 
hold down bolts, and weight. 



I (each section) = 

Ay 2 = 2(12 X (8.125 ) 2 = 1,188 




n 

¥ Z2= f7r 

* * 
t _i_j_ 

X s 

ij_ A 

4 

4 


7T~ 

r/o/v 


Plus 


12 


12 


310 


- 1,498 "4 th 
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The actual deflection was less than this as might be expected from the use 
of the tapered beam section. 

To continue with the comparison, if the frame were to be made in cast 
iron, neglecting weight as previously, the moment of inertia required would 
be inversely proportional to the elastic modulus involved: 

I = 30,000,000/ 12 , 000,000 X 1498 = 3747 "4 th 

Because of the wire clearances, top and bottom, the same space limits 
must be imposed. Then, letting gauge of flange plate equal IV 2 gauge of 
side plate as in the steel section, the moment of inertia of the required section 
will be as follows: 



T 


I (flanges) = 2 ( 12 ) X IV 2 g) ( 8 V 2 — -*75g) 

= 36g (72.25 — 12.75g + .5625g 2 ) 

= 2600g —459g 2 + 20.25g 3 

I (webs) = bh 3 /12 = 2g (17 — 3g) 3 /12 

= % (4920g — 260lg 2 + 459g 3 — 27g 4 ) 

= 820g — 43 3g 2 + 76.5 g 3 — 4.5g 4 

Adding the two: I = 3420g — 892g 2 + 96.75g 3 — 4.5g 4 = 3747 "4 th 
And solving the equation for g, we find that g == 1.75 " 
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The resulting section will have webs launches thick, flanges IV 2 " x 1 
inches or 2^'inches thick, and will result in the same deflection as the steel 
section with g = ^A-inch 



NOTE: Better grades of gray cast iron have an average elastic modulus 
of 15,000,000. Using this figure, the comparative cast iron section will have 
l% 6 unch webs and l 1 % m Q'inch flanges. 

Suction Box—Suction boxes which remove a portion of the free water 
from the moving pulp film are mounted on the Fourdrinier rails. As the 
wire is drawn over the suction box cover, it encounters a series of holes 
through which water is forced when a vacuum is produced inside the box. 
The suction box must be quite rigid in order to support this cover in a true 
plane, since any tendency toward sagging will cause excessive wear of the 
wire on the high points and poor contacts on the low portions, resulting 
in a lowered efficiency and a corresponding wet streak in the paper. 

In the usual method, the suction box is supported by an independent 
beam constructed of rolled sections, riveted sheet brass, cast iron, or wood, 
upon which the suction box of wood or brass is placed. 

In the welded design, the suction box is built integral with the beam 
section and contributes to the stiffness of the structure. The box proper, 
consisting of a bent channel section together with the bolting flanges for 
the suction box cover, forms the upper flange of a beam. Note in Fig. 7 that 
the bent channel has been cut and trimmed so that the section is deeper in 
the center than at the ends, in order that the box will drain properly. To 
this channel is welded a web with a pipe at the bottom which serves as the 
lower flange, as well as to provide a means of exhausting the box and with¬ 
drawing water from its center. Thus, none of the structure is parasitic, each 
part contributing to the stiffness of the structure as well as its function. 

As a protection against corrosion, the suction boxes were metal sprayed 
with bronze before installation. 

Standard Section—At this point in the design of framing for the machine, 
a section was chosen as a standard that would be most satisfactory for the 
machine. This at first seems to be a minor point, but when it is understood 
that the section chosen must be used throughout in order that the machine 
will be uniform and pleasing in appearance, that it must be adaptable from 
other design considerations, and that it must be capable of economic fabri¬ 
cation—then the selection assumes major proportions. 

The box girder section chosen. Section AA of Fig. 8, is the most desirable 
for the following reasons: 
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Fig. 5. Couch roll support. 


1, The flat top plate can be used for mounting bearings, brackets and 
other machine elements conveniently, on the center line of the section. 

2, The stiffness can be varied over a wide range to suit design considera- 
tions while preserving the same outward appearance, by web and flange 
gauge variation, number and strength of web stiffeners and varying depths 
of section. 

3, The interior of the section can be conveniently used to house moving 
mechanism as noted subsequently, and to conceal piping and wiring. 

4, The members, including the webs, are accessible for welding by leaving 
the bottom or cover plate off until last. 

5, The corner weld to the cover plate can be touched up with a hand 
grinder to produce the rounded corners desirable for appearance. 

6, The bottom plate can be made heavy and extended at the sides to form 
a mounting surface and bolting flange as shown in section BB. 

7, The section matched that of the couch frame already discussed, this 
frame being practically dictated by design limitations. 

8, The section, repeated in a number of frames, is pleasing in appearance. 
This item is placed last by the engineer, but first by the prospective customer. 

Framing—The press frame is a good example of the adaptation of the 
standard section, shown in Fig. 8. The base portion is built as section BB 
and the upright as AA, both with the modified corner indicated. The base 
forms a sturdy support for a heavy chilled iron roll and the upright webs 
are extended to hold heavy plate rings which form the clevis for the pin 
of the upper press roll mounting arm shown in phantom in Fig. 8. This arm, 
incidentally, is gas cut from a single plate and represents a considerable saving 
in time and money over the usual casting procedure. The gas-nut plate will 
cost less than the pattern required. 

One of the most important functions of the framework is the proper 
support of the two drying cylinders. The problem here is to support a 
drying cylinder, pictured in Fig. 9, the press roll, creping mechanism and 
miscellaneous other equipment such as bearings, air cylinders, totaling no 
small weight in themselves. The framework must also form a closed system 
to carry the reaction of the press roll which was designed to produce a force 
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Fig. 6. Breast roll support. 


of 250 pounds per linear inch—a total force of 36,000 pounds. The whole 
mechanism to be supported rigidly to hold driving vibrations to a minimum 
in order to produce a uniform sheet of creped paper. 

To perform these functions, the frame shown in Fig. 10 was developed, 
the top surface supporting the main bearing and the actuating cylinder for 
the press roll. Welded into the webs and lower flange of the leg member 
are heavy bosses for the pin of the press roll arm. The shelf in front forms 
a rigid support for the creping and cleaning “doctors 11 for the dryer. The 
wide span of the bottom supports provides a good footing for the dryer 
support, the frame being widened out to include the press mechanism and 
to provide lateral stiffness and mass to absorb driving vibrations. 

The web and flange structure alone forms a truss-like framework designed 
as such to effectively transmit the load to the foot plates, the whole then 
stiffened by the addition of side plates. 

The dryer supported by these frames might be said to be the heart of 
the machine. The pulp film having been made by the Fourdrinier and 
prepared by squeezing a portion of the free water from it by the press 
section, is still a moist film without strength. It is only when the water 
is properly driven from this film leaving the interlocking fibers, that paper 
is produced. 

Note the statement, “properly driven 11 etc. This entails a whole study 
in itself, and concerns many variables such as type and weight of paper, 
machine speed, etc., but let it be said here that the porosity or texture of a 
paper is controlled by the rate at which steam is formed and pushed through 
the fibers of the pulp film. It is immediately apparent, therefore, that an 
even surface temperature must be maintained on the surface of the dryer 
over its entire width and circumference. Internal temperature can be con¬ 
trolled accurately by thermostatic devices, such as is done on this machine, 
but the production of a uniform temperature on the dryer surface is a 
mechanical function of dryer design. Since the rate of heat transfer is 
inversely proportional to the mass of the material, according to Fourier’s law, 
it follows that the prime variable is the uniformity of shell gauge and density. 

The large diameter dryer, commonly called a “Yankee 11 in the trade, 
together with the rubber covered press roll, form a second press section. 
This differs from the first press in that the wet pulp is pressed tightly to 
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a hot polished steel surface, giving up six to eight percent of its moisture 
content (approximately twenty percent of the total water removed) in so 
doing---and at the same time assuming a smooth and compact finish. Since 
the finish on the paper is produced by that of the dryer, a superior finish 
must be produced on the dryer in order to have a superior finish on the 
paper. This pressing action requires a force of approximately two hundred 
and fifty pounds per linear inch, which force must be reacted by the shell 
of the dryer. 

The design of the dryer shell, then, boils down to this: It must be 
uniform in gauge and positively nomporous, since any porosity is in effect 
a gauge variation that affects heat transfer; and it must be clean and dense 
enough that a high polish can be applied to its surface by a grinding and 
lapping process. 

Because of the inverse ratio between the rate of heat transfer and the 
plate thickness, it follows that the shell should be as thin as possible for the 
greatest efficiency of operation. It must be stiff enough, however, to with' 
stand the concentrated linear load induced by the press roll and keep local 
deflection to a minimum. In this particular machine, it was determined that 
a gauge of one and one'quarter inches was the most satisfactory for all condi' 
tions. Dryers operating under lesser press loads could have correspondingly 
thinner shells which would allow greater drying rates. 

Steel plates for the dryers on this machine were rolled from selected 
ingots poured from special heats of a high quality particularly clean steel. 
The plates were formed on bending rolls to close diametrical tolerances, and 
the planed beveled edges were welded by a process that matched the hardness 
of the weld to that of the plate, the welds being X'rayed as an assurance 
that no porosity here would affect heat transfer. 



Fig. 7. Bent channel cut and trimmed to greater depth at center than at ends. 
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Fig. 8. Use of box girder section. 


This shell was welded onto an inner shell to .which it connects by 
machined end rings to preserve its concentricity. These end supports are 
the only connection to the outer shell, hence there is nothing in the area 
on which the paper is dried which would be, in effect, a gauge variation 
and would cause a corresponding temperature drop on the dryer surface. 
A degree of flexibility is provided by the arrangement that allows the dryer 
to accurately align itself with the press roll. 

An annular space is provided between the inner and outer shells into 
which the steam is led. Here it condenses, liberating its heat units through 
the shell to the wet pulp. 

The average drying cylinder is nothing much more than a hollow drum 
in which steam cannot condense efficiently, or rather, rapidly enough for 
efficient drying. Steam carries with it a certain amount of inert gases which 
build up in the hollow interior, producing an insulating blanket, unless 
enough live steam is “bled through” the dryer to drag the entrapped gases 
with it. This air bound effect is much more pronounced in the large 
diameter dryers as might be expected since the volume varies with the 
square of the diameter. 

In the annular space between the two shells of the welded steel dryer, 
steam condenses efficiently since it is impossible for a large band of gases 
to form. In addition to this, two removal systems are provided to continually 
draw off the condensate and air, one functioning when the dryer operates 
below critical with the condensate collecting at the bottom, the other above 
critical as the condensate is slung around the dryer forming a band about 
its inner surface. 

It has been customary to allow a considerable crown in a rubber covered 
press roll in order to compensate for unequal expansion rates in the usual 
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dryer between the center and the ends, because of the solid end construction. 
Calculations on a twelve foot diameter dryer show that this difference in 
expansion causes the face to be concave .025-inch which necessitates a 
crown of .050-inch in the press roll for this reason only. Abnormal wearing 
conditions resulting from the rubber being crowded sidewise make it neces- 
sary to regrind frequently. 

The steel dryer designed for this machine, shown in the rough in Fi<x 9 
incorporates tubular spokes which attach to the comparatively flexible iSner 
shell. Any inequality of expansion in heating up, etc. is compensated by 
flexure in this member, allowing the outer shell to maintain its press roll 
alignment. 

An inspection of Fig- 9 will disclose that welding is the only feasible 
means of producing this fabrication. A casting in this form is entirely 
out of the question, and to build it up of smaller components introduces 
prohibitive machining and alignment problems. 

It is in comparison with cast iron dryers that welded steel design shows 
its greatest superiority in the paper machinery field. The same physical laws 
apply to the cast iron dryer . . . density, quality of finish and stiffness directly 
affect the quality of the paper, and the shell thickness and method of 
condensate removal have a direct influence on the effective drying rate 
of the cylinder. 

First of all, in order to design for a certain required stiffness, the lower 
elastic modulus of cast iron results in a thicker shell than is required by a 
steel dryer. The average cast iron shell is between two and a half and three 
inches thick^which is determined not only from stiffness considerations, but 
also by the “Code for Unfired Pressure Vessels" with limitations in steam 
pressure according to the various state laws. 

These factors tending to increase the shell gauge create a vicious circle 
from the standpoint of efficient operation. All other things being equal, a 
greater temperature gradient must be supplied to drive the same amount’of 
heat units through a thick shell than a thin one, and conversely, a onednch 
shell can transmit twice the heat units than is possible with a twounch shell. 



Fig. 9. Yankee dryer. 
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Fig. 10. Main dryer section. 


It is this premise which accounts for the compactness of the steel 
machine. With the attending higher rate of evaporation on the surface of 
the thinner shelled steel dryers it is possible to do the same amount of 
drying with fewer cylinders than can be done on the regular paper machine. 
For a given production, a space and materials economy can be effected— 
for a given machine, production can be stepped up because of increased 
drying capacity with steel dryers replacing the cast iron. 

There is a distinct difference in the quality of surface between a steel 
and a cast iron dryer. The steel, having been rolled to gauge from an ingot, 
has undergone hot work which reduces and refines the granular structure 
and produces a material capable of taking a high polish. Cast iron, however, 
is a mechanical composition of graphite particles in iron, and as such is a 
basically porous structure. No amount of polishing will overcome the fact 
that the surface is a composite material instead of a uniform chemical 
composition. 

Because of the greater mass of the cast iron dryer, more power must 
be supplied to accelerate and drive them; and bearings, frames and other 
machine elements must have proportionally greater capacity. 

The secondary dryer was mounted in a pit in order that the opposite 
side of the paper could be presented to the dryer surface without interfering 
with the straight-through flow of the paper and at the same time allow a 
maximum arc of contact. The greatest percentage of drying has taken place 
on the first dryer; the secondary dryer completes the drying process and 
improves the surface of the paper that was not previously in contact with 
the dryer. The secondary dryer is essentially the same as the first and 
needs no further discussion. 

The framing, how T ever, varied since no shelf was provided for creping 
as on the first dryer stand. Secondary pedestals that form a continuation 
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of the mounting rails over the dryer bearing were fabricated as separate 
units to facilitate erection These two stands and pedestals shown in the 
rough in Figs. 11 and 12, follow the same design form as the primary dryer 
pedestals, consisting essentially of the standard section with interior ribs so 
placed as to stiffen the structure, especially at the inner flange corners, the 
points of greatest stress. 

Flexibility of the Welding Process— During the fabrication of the paper 
machine weldments, a situation arose that demonstrates the flexibility of 
the welding process that was actually taken into consideration in the design 
of the machine. At its inception, the time element did not permit making 
a complete set of working drawings showing each part of the machine in 
its exact relation to the others, according to the best practice. It was neces- 
sary to begin with a rough draft of the machine showing the principal 
machine elements only in place, such as dryers, press rolls, Fourdrinier rolls, 
felt rolls, calenders, reels, etc., and delineating their respective centerlines 
and clearances. 

With this arrangement drawing, the sub contractors furnishing machine 
elements and the driving mechanism, as well as our shop in its design of the 
welded components, proceeded concurrently toward the production of the 
whole. This was done only to meet delivery schedules which would other¬ 
wise have been impossible. The weldments were ordered into the steel 
immediately as designed in order to expedite this schedule. At all times 
the closest cooperation was maintained between the separate fabricators, but 
it was foreseen that some interference might be encountered which could 
be circumvented by altering existing weldments to suit. This faculty of the 
welding process, then, was utilised to save time. 

After the stands had been fabricated, but before machining, it was found 
that the top surface of one secondary dryer stand had to be extended to 
provide outboard support for a pinion bearing, the two stands having 
previously been similar. 



Fig. 11. Secondary dryer stand. 
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Fig. 12. Pedestal. 


In Fig. 13 the process of altering the stand is shown. A part of the end 
plate and one stiffening rib were gas cut away, a new rib extending to the 
extremity of the outboard support was provided, and new side plates and 
top plate extensions were cut, welded into place and the welds ground 
smooth. The resulting structure showed no signs of the change and was 
apparently designed as such originally. 

This, to the welding fabricator is nothing new—it is, in fact, “old stuff. 1 ’ 
It is merely included to serve as an example of the flexibility of the process 
in permitting design changes economically, even subsequent to fabrication. 
The designer need not be held down to having every part correct to the 
most minute detail before ordering any of the components. 

With particular reference to the dryer stands, it is questionable whether 
these parts could be produced by castings in the form that they are shown 
here; but even when redesigned to suit foundry practice, it is apparent that 
the patterns would be quite bulky and complicated, and would, in themselves, 
represent a considerable outlay. No two stands are alike, so that one could 
not serve for all. 

If one frame or series of frames is made to serve for all, then the func- 
tional design of the machine must suffer. 

It is also evident that a major design change after the casting is poured, 
involves scrapping the casting, altering the pattern and producing a new 
casting. It is as an old foundryman said when asked to make a change in 
a casting: “When you pour the mold, brother—there it is.” 

The only alternative in this case would be to cast a new bracket sepa¬ 
rately and bolt it in place. As well as being makeshift in appearance, this 
would involve alignment problems at assembly. 

Creping Supports Certain grades of paper must be creped, or removed 
from the first dryer by a scraping action. The dried film on the paper drum 
encounters a sharp blade which causes the paper fibers to crumble upon 
themselves, a sort of microscopic accordion action which breaks down the 
paper fibres and produces the soft textures of the tissues as differentiated 
from the hard finish papers. When it is considered that the paper film is 
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approximately one-fifth of the thickness of ordinary typewriter paper, it is 
apP arent cre pi n g blade, or ^doctor”, must be mounted in very 

accurate alignment with respect to the dryer surface. 

The doctor blade in itself is a thin sharpened strip of very hard bronze 
■which is held against the dryer surface by a support which is pivoted 
axially at the ends so that the blade itself can be made to impinge against 
the dryer surface at the proper creping angle by rotating the support, as 
shown in Fig- 14. In this case, the reaction necessary for creping is furnished 
by a pneumatic cylinder which applies moment to the support through 
a lever. 

It is the application of welding that concerns us primarily in the design 
of a proper support for this blade. 

Ordinarily, a rolled angle iron is used for this purpose, and is apparently 
stiff and rigid enough to maintain blade alignment. However, there is a 
certain amount of mechanical vibration transmitted to the dryer from the 
driving mechanism. In the case of this machine, this effect has been mini¬ 
mized by the use of a chain drive; but in most applications, the drive is by 
spur gears, in which case the vibrational amplitude is more pronounced. 

At any rate, the existing vibration is transmitted to the doctor support 
through the blade contact and bearings, and if the natural period of the 
support lies within the range of variable impulse rates as the machine speed 
is varied, a state of resonance may be reached that is highly injurious to 
the machine. It is possible in many cases to see the effects of this vibration 
in regular hills and valleys worn on the dryer surface by the doctor. 

The effective method of combating this condition is to produce a doctor 
support with a high natural period so that it is entirely out of the range of 
driving mechanism impulse rates. 

This is best done by using a stiff structure whose ratio of elastic modulus 
to weight is high. When it is considered that the nature of the loading is 
torsion as the blade is rotated up against the drum, the natural selection is a 
tube—or pipe for economical fabrication. 

The pipe, or tube, should be steel, and should be as large as is possible 
within the space limitations and have a comparatively thin wall, since the 



Fig. 13. Method of altering the stand. 
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natural period is directly proportional to the square root of the moment of 
inertia and elastic modulus, and inversely as the square root of the weight. 

The support and mounting is shown in Fig. 14. 

Finishing Section—The calender frame, (See Fig. IS), is a variation of 
the press frame. Here, advantage is taken of the hollow section to incorpo¬ 
rate the lever and pneumatic • cylinder which loads the upper roll. This 
calender is small in comparison to most, but perfectly adequate for light 
weight papers. 

The reel is a further adaptation of the standard section as is the slitter 
and rewinder. The unwind stand however, is an example of the economic 
use of the flat gas cut plate, the frame being a single plate set on two pads 
which serve as feet and bolting flanges. The bottom is scarfed out to permit 
mounting the roll bearings on the foot plate directly, and although these 
rolls are a part of the mechanism do not mount on the frame. 

As the paper is unrolled from the reels, the diameter is reduced, and 
since the rolls of paper rest directly upon the fixed drums, the centers move 
constantly inward until the cores rest on the driving drums. This construc¬ 
tion requires that the bearing housing slide in guides. Here guides were 
provided by machining gas cut slots in the plate frame. 

A mental comparison can be drawn of the relative cost of this structure 
as built up of a single gas cut plate and two small rectangular pads—and the 
cost of producing similar castings where only two such units are required. 

Cost Data—From the viewpoint of the welding fabricator, it would be 
useless to include our finished machine costs or that of the finished weld¬ 
ments. The average fabricator is interested only in how much it will cost 
his own shop to produce a certain structure. 
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,^ C rU f n are com P letel y misleading due to the different 

methods used by various companies m preparing cost data. One company 
ma y include materials and abor only in its shop costs, to which the manage 
ment adds a sum representing a share of the annual overhead, engineering 
costs, etc. m order to arrive at the final sales figure. Another company may 
igure each item of its shop costs as containing its share of overhead, to 
which another sum containing engineering cost, profit, etc., must be added 
m order to reach its figure. There will be no comparison, therefore, in the 
cost sheets or the two representative systems under otherwise identical 
conditions. 

In addition to which, the cost of labor differs widely from one section 
to another, and to a lesser extent, materials. These factors also tend to 
invalidate shop cost comparisons. 

Therefore, in order that the fabricator may compute the cost of building a 
similar paper machine weldment by his own method, the subsequent data 
has been broken down into the most elementary components 

Because of the large number of parts involved, two frame pieces have 
been selected as representative—the couch roll support Fio- 5 a nd the main 
dryer frame, Fig. 10 . * 



Fig. 15. Calendar frame. 
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Cost Computation Data for Couch Roll Support 


I. Material 

A. Universal Mill Plate Pounds 

4 pieces 12" X totaling 1,815#. 1,815 

B. Xl' Rectangular sheared plates 

8 pcs. totaling 3,103#.-... 3,103 

C. %" Rectangular sheared plates 

6 pcs. totaling 263#. 263 

D. Gas cut plates (rectangular wts.) 

5 pcs. totaling 778#.-.-. 778 


E. Bars—one 6 X Vl X 914 
one 6 X V 2 X 514 
one A/z X Vi X 19 


one 6 X % X 10J4 totaling--- 38 

Total Gross Weight. 5,997 


II. Gas Cutting Required on Above Pieces 

A. Cuts through Gauge 

on Vl plate 35'" 5" total 

on %" plate 16'" 0" total 

on 1" plate 9''10" total 

on lJ/ 4 " plate 32'' 5" total 

B. Gas Cut Bevels for Welding and Fitting 

!4" X 3'' 4" 

V%" X !4" 39'' 4" 

W' X *Ae" 2'' 8" 

Vs" X Vie" IX 4" 

V 2 " X !4" O'' 5" 

V 2 X 
%"X 

34 " x 3'' 0" 

2 '' 10 " 

3 '' 0 " 
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III. Bending. 

On 1 Universal plate (wt. 420#) 2 bends across 12" width 
On 1 Universal plate (wt. 405'#) 1 bend across 12" width 
On 2 Sheared plates (wt. 110#) 1 bend in each 29" long 


IV. Assembly Data 

In all, there were 3 5 pieces; net weight of all pieces—4,840# 
Weight of individual large plates: 

Pounds 

Side Plate . 887 

Bottom Plate . 380 

Bottom Throat Plate . 405 

Top Throat Plate .. 420 

Top Plate. 480 '#■ 

i— ( 

Back Plate ... 130 # j 

Rear Base Plate. 316 

Front Base Plate .-. 86 

Bent Outrigger Plates . 110 

V. Welding Data 

Type Length 

54" 90 degree . 1498" 

54" 60 degree. 358" 

54" 90 degree . 26" 

J/ 2 " 60 degree .. 30" 

54" 60 degree . 62" 

Gap Weld, open 54" at bottom, through 54" plate. 18" 

54" 90 degree automatic machine weld...1336" 


VI. Weight of Welding Rod Used—125# 
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Data for Cost Computation on Stand for Primary Dryer 
I. Material 


A. Universal Mill Plate 

2 pcs. totaling 247 #... 

B. /V' Rectangular sheared plates 

1 pc. @ 36# . 

C. /i" Rectangular sheared plate 

2 pcs. totaling 2494#... 

D. Rectangular sheared plates 

1 pc. @ 33#... 

E. Gas Cut Plates—rectangular weights 

8 pcs. totaling 953#. 


F. Bars Pounds 

Six 2J/2 X Vl .- U 

Two l ]/2 X V2.-.-.~ 4 

One 4 X Vl . 3 

One 6 X %. 50 

One 6 X %.-.- 21 

One 6 X Ya . 94 

One 6 X Vl . 60 

One 6 X Vl . 12 


255 


Pounds 
- 247 

36 

... 2494 


33 


953 


255 

4018 


II. Gas Cutting Required on Above Plates 
A. Cuts through gauge 


on Vl' plate 

96'TO" 

on W' plate 

36 9" 

on 1J4" plate 

34'<10" 

on 1 VY' plate 

4 / " 4" 

on 2!4" plate 

2'' 6" 

Bevels for Welding and Fittin 

14" X 5 4 fi " 

286 2" 

y&" x M" 

16 0 " 

V&" X Via" 

16 6" 

y&" x 5 / 8 " 

0610" 

V? X 5 /i 6 " 

126 0" 

X2" X 5 / 8 " 

06 7" 

X 14" 

16 4" 

X 7 / ie " 

0610" 

X 7 A" 

06 7" 
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III. Bending 

R n / * Um w r ,® a u 8 * V4 " P late ( wt - 204#) 2 bends- 

On 1 6 X Vf bar (wt. 30#) 1 bend 6" lg. 

On 1 6 X 34" bar (wt. 50#) 1 bend 6" lg. 

On 1 6 X 34" bar (wt. 21#) 1 bend 6" lg. 


-8" lg. 


IV. Assembly Data 

Total number pieces—40 
Total net weight—2595# 

Net weight of individual large plates: 

Pounds 


each 

Side plates . 580 

Top plate. 300 

Middle bearing plate. 130 

Left hand Foot plate. 160 

Right hand Foot plate. 65 

V. Welding Data 

Type Length 

1/4" 60 degree. 297" 

!4" 90 degree.2698" 

60 degree. 18" 

V 2 " 60 degree. 19" 

54" 60 degree. 6" 

54" 60 degree. 16" 


VI. Weight of Welding Rod Used—105# 


Cost Comparison of Weldments and Cast Iron Parts—As a general rule, 
no cost comparisons were made between castings and weldments, but the 
following situation that arose during the defense emergency may serve as a 
guide as to what should be generally true throughout the machine. 

Subsequent to the installation of the machine, a decision was made to 
substitute a new unwinder with a lateral adjustment not originally incorpo¬ 
rated in the machine. This change occurred during the height of the 
priorities “putsch*” and doubt arose as to whether we could produce these 
parts ourselves because of a jammed shop; consequently we had inquiries 
sent out to local concerns to supply castings for the frame parts, in case the 
emergency arose. Combining the best rough casting prices and machining 
prices, we found that the total cost of the machined cast iron frame parts, 
including patterns, was $1,013 for the two sets of stands required. The total 
cost of the two sets of welded stands, completely machined, came to $571.30! 
In other words, the cost increase of cast frames was 77 per cent based 
on the cost of the welded frames. When it is considered that the cost of 
machining—approximately $233—safely assumed to be the same in both 
cases, is removed from both, the percentage of saving becomes even more 
apparent. 

In this case the rough castings cost $780 including patterns, and the rough 
weldments $338.40. The difference (or saving) $441.60 represents an in¬ 
crease of 130 per cent over the weldment cost. 
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It should be stated here that the cost comparison is valid, in that our 
weldment figures include overhead, burden percentages, salesman’s per¬ 
centage and our usual percentage of profit, in addition to actual shop costs, 
together with an outside machining price. 

I admit freely, to be fair, that such high percentages or savings a 
not always possible. In this instance, six separate patterns were requir 
that were none too simple, and it was possible in the welded design to use 
a number of parts cut from bar stock incorporating a minimum of gas cut 
plates. On the other hand, this was done at no sacrifice in appearance; the 
welded structure has the same external appearance as the cast would have 
had, even to smooth welding fillets used where the pattern maker would 
provide radii in the corners; and the use of bars or other rolled shapes is cer¬ 
tainly the welding designer’s prerogative. 

Conclusion—Welded steel is particularly suited to the paper machine for 
the following principal reasons: 

1. Its high strength to weight ratio makes possible the design of lighter 
and stronger framing than previous practice. Members designed for a mini¬ 
mum of deflection can be more easily attained with less material by the 
welded steel process. 

2. Machine elements can be made in one piece by the welded process, 
hitherto impossible in castings. 

3. Greater efficiencies and space economies can be obtained by the greater 
heat transfer properties of the thinner but stronger steel dryer shells." 

4. It is possible to obtain a better finish on the steel dryer than possible on 
cast iron, and therefore a better finish on the paper. 

5. In units designed for high natural vibration periods, there is an 
advantage in the higher elastic modulus-weight property of steel. 

6. Advantage can be taken of the fact that changes can be made to 
welded steel during and subsequent to manufacture in order to effect econo¬ 
mies of time, material and expenditure. 

7. Paper machines are largely a fct one-shot” product—it is a rare occur¬ 
rence when two are built alike. Welded steel, then, eliminates the expendi¬ 
ture for patterns that must be absorbed in the cost of one or two castings. 

All in all, the paper machinery field is a relatively dark continent, invit¬ 
ing exploration and missionary work of the welding fabricator. 



Chapter XXI—Welding Jaw Crusher Bases 
By Ralph W. Heer and William A. Eckley, 

Assistant Chief Engineer and Designer, respectively, Pioneer Engineering Works, Inc., 

Minneapolis, Minnesota 



Ralph W. Heer 


Subject Matter: The multiple advantages 
gained by welding jaw crusher bases. Since 
the function of the machine is to crush 
rocks by jaw action, it is necessary to have 
great strength in the base. Older designs 
were of ribbed cast design. The added 
strength of box design was observed, 
found difficult for casting but was used in 
the welded base. The result was a stronger, 
lighter, and better-looking base. Expe' 
rience in welding technique resulted in 
the reduction of $104 from the cost of 
the first unit ($399). A table showing 
both the actual and percentage savings in 
weight and cost of the complete line of 
machines is included. Weight savings 
range from 15% to 30% without loss in 
strength and cost savings ranged from 
11% to 35%. 



William A. Eckley 


Multiple Advantages Gained by Welding Jaw Crusher Bases —The 
jaw crusher, (See Fig. 1), is a machine used to reduce rocks and ore by 
mechanical means. Essentially, it consists of a pitman, shown in Fig. 2, 
which is hung on an overhead eccentric shaft in a box-shaped crusher base. 
A circular motion is imparted to the upper end of the pitman by rotating 
the eccentric shaft, which in turn is converted to an oscillating forward 
and backward motion on the lower end of the pitman by the toggle plate. 
The toggle plate controls the length and direction of the motion of the 
pitman toward the base and the width of the opening between the pitman 
and the base by adjusting the toggle seat in the base relative to the toggle 
bearing seat in the pitman. Also, adjustment is made by changing the 
length of the toggle. On the side of the pitman, facing the open end of the 
base, and on the inside of the base facing the pitman, between which the 
rock crushing is done, are replaceable crusher jaws which are usually made 
of manganese steel. Other main parts of the crusher are the tension rod 
and spring which hold the pitman against the toggle plate, the adjusting 
mechanism, and the flywheels which store energy to transmit to the eccentric 
shaft during the crushing stroke. 

In actual operation, rocks are fed between the jaws of the pitman and the 
base. The eccentric shaft rotates, causing the pitman first to open away from 
the base, forcing the rocks deeper into the crusher by a combination of 
crowding action and gravity peculiar to this type crusher. Further turning 
of the eccentric shaft moves the pitman against the rocks with such force 
that they are crushed. On the next opening of the crusher, the crushed 
rock falls down on through the crusher jaws and larger rocks from the 
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Fig. 1. Welded base. 

top replace them. This cycle of operation occurs at about 250 revolutions 
per minute for most antifriction bearing jaw crushers. The upper section 
between the pitman and the base does the crushing of the large rocks 
directly from the eccentric shaft motion, while the enormous forces required 
to crush the smaller rocks are obtained at the bottom by the toggle action 
of this crusher. 



Fig. 2. Pitman. 
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From inspection of the above operation, it can be seen that both ends 
of the crusher base must be able to stand the forces of crushing the rock 
in beam action with repeated loading while the sides of the base which hold 
the outer eccentric shaft bearings must withstand plain tension, with re- 
peated loading horizontally, and reversible tension and compression ver¬ 
tically. There may also be a bending in the sides if the ends of the base 
deflect too much, in which case, the sides breathe. The corner sections as 
well as all other sections must stand large shearing stresses which are in 
most cases caused by repeated loading, but which in some cases pass 
through a complete reversal of loading. With these stresses in mind, the 
authors bring the evolution of the jaw crusher base from its original cast 
design to its present modern welded design. 

For a number of years, jaw crushers were built with an inner wall re¬ 
enforced by horizontal ribs running completely around the base. These ribs 
were stiffened by vertical ribs. A typical cross section using this construction 
is shown in Fig. 3. However, this type of construction is not as strong as a 
box section, Fig. 4, of equivalent weight, so in 1938, the possibility of building 
a box section cast base was investigated. It was found possible to reduce the 
weight quite materially and still maintain the same strength of base. The 
appearance was also greatly improved because of the smooth outer walls. 
This proposed base is shown in Fig. 5. With thin inner and outer walls, the 
accurate alignment of cores is absolutely essential, but difficult to attain in 
practice. Removal of cores presented another difficulty. Because of these 
difficulties involved in coring, the idea was deemed not practical and dropped. 

In November, 1939, the box section crusher base was again considered, 
but this time with built up welded construction. A crusher base was built 
j in the 10 inch x 24 inch size in January 1940, and is shown in Fig. 6. This 





Fig. 5. Proposed design ol cast steel base. 
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Fig. 6. Front view of first welded base. 


crusher was built in the following manner: each of the 4 sides had its horizontal 
and vertical ribs welded in place. The two side plates each had a bearing hous¬ 
ing support casting welded in place. This casting is shown in Fig. 7. The 
four sides were then assembled and welded together. The outer plates were 
then welded around the entire base. On the first crusher base, three outer 
plates for each side were used to facilitate welding to the inner ribs. Later, 
single, full sized plates were used with punched holes in rows lining up with 
the inner ribs. The ribs could then be plug welded to the outer plates with 
considerable saving in welding time and material. This type of construction 
has proven to be very satisfactory, and the entire line of jaw crushers from the 
smallest to the largest were redesigned for box section welded bases. 



Fig. 7. Bearing housing support casting. 
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Fig. 8. Rear view of first welded base. 


In order to show the advantages resulting from a welded box section base, 
the two following examples may be cited. 

Calculations for the section modulus of the end against which the station¬ 
ary jaw bears have been made for the 24-inch x 36-inch cast base, 24-inch 
x 36-inch welded base, 9-inch x 18-inch cast base, and the 9-inch x 18-inch 
welded base. The comparison is as follows: 


Type- 

Cast Base .... 
Welded Base 


918 Crusher. 

Section Modulus Weight Ratio Sect. Modulus Ratio 

. 39.1 100 % 100 % 

.. 32.0 41% 82% 


2436 Crusher. 

Section Modulus Weight Ratio Sect. Modulus Ratio 


Cast Base . 163. 100% 100% 

Welded Base . 359. 71% 200% 


The box section used on the 24-inch x 36-inch crusher increased the 
section modulus 120% with a 29% decrease in weight for this part of the 
crusher base. On the 9-inch x 18-inch crusher, the section modulus was de¬ 
creased 18%, but the weight was reduced 59%. In this case, the cast base 
was considered to be stronger than necessary. 

The cost of the first welded base crusher built was $399 or $104 
higher than the present cost for a 10-inch x 24-inch welded base crusher, 
(Fig. 8). Inexperience, warping due to excessive concentrated strips of weld¬ 
ing, extra labor, and material costs for excessive welding, stress annealing and 
sand blasting contributed to high costs on the first welded base. Plug welding 
of outer plates, shown in Fig. 9, to inside ribs and reduction of sis;e of weld 
between ribs and inner plates eliminated most of the warpage and reduced 
material and labor costs. Since the first machine, no bases have been annealed 
for stress relief or sand blasted. 

A tabulation has been made to show comparative weight and cost figures 
for the cast and welded base crusher now being made. Since the 30-inch x 42- 
inch welded base. Figs. 10 and 11, is a new size, no comparison can be made. 
The 24-inch x 36-inch welded base has been designed but never built, so no 
costs are available. 
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Fig. 9. Front and side view of 10 x 16 welded base. 


It is apparent from the preceding table that certain very definite advantages 
are obtained with a welded crusher base of box section construction. Weight 
can be cut 15% to 30% with no decrease in strength. This is a decided ad¬ 
vantage in the building of portable rock crushing machinery. With the 
tendency for building larger and heavier plants to increase production of 
crushed rock and gravel on the one hand, and more drastic limitations on 
highway loading on the other hand, weight reduction with no sacrifice in 
performance becomes imperative. Weight reduction is of the greatest practical 
importance both in reducing the cost of the crusher itself, and also in reduc- 
ing the cost of the truck upon which it is mounted, by using lighter frames 
axles, tires , etc. 

Since the 30-inch x 42-inch welded base crusher is a new size, no direct 
comparison can be made. However, by making a comparison with the 24-inch 
x 36-inch cast base crusher, some idea of the weight and cost savings may be 
derived The 30-inch x 42-inch crusher is capable of doing 50% more crush- 
i ° Ur t ^ Lai ^ t ^ le 24 -inch x 36-inch crusher, but the 30-inch x 42-inch 
welded base weighs only 2235 pounds more than the 24-inch x 36-inch cast 
base, or an increase in weight of 18%. The cost of the 30-inch x 42-inch 
welded base is $38 cheaper than the 24-inch x 36-inch cast base, or a saving 
m cost of 2% % 

.. Gr ^ er economies in cost undoubtedly could be made by using welding 
jigs m fabricating these welded bases. With so many different sizes of crusher 
bases, and only small production for any one sise, welding jigs do not seem to 

at ^ tlme * J igs for P osi doning have been made to take all sizes 
and these have been responsible for saving time as well as producing better 


By the use of welding, a much neater looking crusher is possible, a coim 
panson of which is shown in Fig. 12. Walls of uniform thickness of 
homogeneous material are attained only by welding steel plates together. 
Former sloppy appearance caused by blow holes, core shifting and rough sur- 
™ n ° lon « e . r P resen * “ weId ed construction. A much better paint job is 
possible on welded steel plates than on rough steel castings. This design 
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Fig. 10. Rear view of 30 x 42 welded base. 



Fig. 11. Rear view of 30 x 42 welded base crusher. 
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In this paper, we have stressed the advantages of the box sections in the 
welded base crushers very much because we believe that welding gave the 
only practical means of using this design. In the past our competitors have 
made welded base jaw crushers, but in all cases brought to our attention, they 
merely copied the old X section design of the cast base, substituting steel plate 
and welded metal for the casting. This design, we believe, is better than the 
cast base, but does not take'full advantage of the welding possibilities. 

Reduction of weight, decreased cost of manufacture, and all the other ad" 
vantages mentioned before, have brought the welded base into actuality. The 
increasing number of satisfied customers is proving the superiority of welding 
for the fabrication of crusher bases. 



Chapter XXII Arc Welding Applied to Waxing Machine 

By Joe Baxter, Jr. 

Sales Engineer, Shurik Brothers Machine Co., Middletown, Ohio 


Subject Matter: Arc welding as a development tool applied to 
paper-waxing machine. The history of reasons for turning to 
aic welding is given first. The design was stimulated by a 
customer who wanted a “prettier” and “faster” machine. The 
stieamlined model appeared in 10 weeks as a result of arc 
welded construction. Cast iron construction and arc weld con' 
struction are compared as to: (1), man-hours; (2), material 
costs (approximately 29% more for cast iron construction); (3), 
time for delivery (16 weeks for cast iron, 10 weeks for arc 
welding). Speed of paper through machine increased from the 
usual 700-feet per minute to from 900- to 1,200-feet per min¬ 
ute. Author emphasizes arc welding as a development tool. 


Arc welding as a development tool” was chosen as part of the title of 
this paper for one very outstanding reason. It proved to be the one means 
by which we could capture the enthusiasm of a customer and translate it 
into a functioning unit in the brief span of ten weeks. The lessons learned 
in doing so may well prove the salvation of any manufacturer who finds 
that they occupy much the same position we did in March, 1940. 

Established at the turn of the century, our company had invested in 
ample foundry equipment to meet the requirements of a line of cast iron 
products. As new products were added to the line, the foundry was always 
foremost in consideration, with the result, that when welding finally broke into 
our shop, it did so hindered by this statement, “Use it for new stuff, where 
only one unit is required, but where several units are indicated over a period 
of a year or two, make patterns”. 

Inasmuch as ours was a “specialty” shop in a sense, our welding depart' 
ment continued to expand, based on new stuff only. There was no conscious 
effort to redesign the old line of equipment to welded construction. That is, 



Joe Baxter. Jr. 



Fig. 1. Front view of waxing machine. 
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Fig. 2. Free-hand sketch of new waxing machine. 


until we received a phone call from one of our customers. “Have your repre- 
sentative call in regard to a waxing machine." 

In 1936, we had purchased the good-will and equipment of a small com 
cem whose main item had been a waxing machine. And, from 1936 to March, 
1940, we had sold exactly two machines from those patterns. The renovating 
of the patterns to a usable condition, and sales’ overhead involved, showed 
a nice loss and as a consequence, we were not overly enthused when the phone 
call informed us of a potential customer. 

“I want the best looking waxing machine on the market," w T as our cus¬ 
tomer's greeting. That’s easy, we thought, as we laid photo, Fig. 1, in front of 
him. And, we weren’t kidding ourselves at all. It was the best looking waxing 
machine on the market—at that time! 

“Listen," he said, “I make wax paper for bakers. They insist on cleanliness 
in the bakery business. I want a machine that’ll be prettier than any bakery 
equipment in the country—that I can bring a baker into my plant and say, 
‘see how I make my paper!’ And I want that machine to be more efficient, 
and run faster than a wax machine has ever run before." 

“How fast?" we asked. 

“1000 feet per minute, 72-inches wide." 

We had our specifications. Overnight, we made a free-hand sketch of 
such a “dream" machine, (See drawing, Fig. 2), figured the cost, and laid 
both before him the next day, with a somewhat apologetic attitude and the 
stipulation that “In order to meet delivery, we must weld it." (Then top, only 
one machine was involved). 

“OK, go ahead." 

A 12-hour ride returning on the train, gave us sufficient time to sketch 
each detail, so that engineering could be started at once. 

Ten weeks later, we took photo. Fig. 3—from approximately the same 
angle we had drawn the original sketch. “Open house", brought wax paper 
manufacturers who were not at all reticent in expressing their approval, and 
within six weeks $54,000 in sales further attested to the changes made. 
Furthermore, a nominal profit had been' realised, and we were all set to pro¬ 
duce arc welded waxers by-the-dosen when the foundry again made itself 
known. 
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Fig. 3. Overhead view. 


So our welded machine was dissected to give balance to the shop, and 
foundry. Patterns were made, precedent was satisfied, and a loss sustained. 

By this simple return to cast-iron construction, we had a chance to actually 
evaluate “welded vs. cast-iron” construction in terms of cost, appearance, and 
time required to complete. A brief study of comparative design and cost will 
definitely show the value of “arc welding as a development tool”. 

Arc welding allowed us full expression by being able to cast aside any 
inhibitions or restrictions ordinarily imposed by the use of cast-iron. 

Consequently, a layout of operating component parts was made without 
regard to methods of construction, but with emphasis on convenience and 
operating efficiency. Around this layout, arc welding principles were applied 
to give supporting structure and to position operating units in proper relation 
to each other. 

The waxing machine shown on drawing, Fig. 2, reading from upper right 
corner to lower left corner, consists of: 

(1) Unwind stand, on which roll of paper to be waxed is placed. 

(2) Guide roll, over which sheet passes for alignment in machine. 

(3) Dip roll, adjusted vertically for submerging sheet for required dwell 
in wax. 

(4) Squeeze roll section, consisting of bottom chilled iron roll, and rubber 
covered top roll, micromatically adjusted for determining quantity of wax to 
be applied. 

(5) Steam jacketed wax pan for melting and containing the molten wax. 

(6) A water finish attachment for chilling the molten wax quickly by 
means of refrigerated water, and then removing small adherent beads of 
moisture. 

(7) Rewind stand, for reeling waxed paper back into roll form for further 
handling. 

(8) Drive, for synchronizing respective parts with each other and applying 
motive power. 
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Fig. 4. Another view from above. 


Each part can be clearly seen in photo. Fig. 4. Photo, Fig. 5 is a closeup 
of the unwind stand. A frictional brake is built into the housing at the left 
for maintaining proper tension in the sheet. Note that the stands are welded, 
with separate closure strip to complete the box section after stands are bolted 
to the floor. The stands were contour-sawed, corners formed on a "brake’, 
with a single weld down each edge. 

The friction band was of welded construction and controlled by hand" 
wheels as shown. The grill expels heated air thru the friction pulley, while 
cool air is admitted from floor level thru louvres. The stands were of 
54 -inch steel, the housing of J/ 4 -inch steel. 

The main frames, (See Photo, Fig. 6 ) were contour-sawed from 54"inch 
plate with corners broken by bending press. Where corners met, welding 
rod was filled in to build up contour. This produced a hollow frame with 
ample cavity to accommodate counterweight for dip roll. Counterweight was 
welded to a piece of oil chain passing over a roller sheave housed in locking 
bracket. 

The two side frames were spaced by means of cross-ties made of 6 -inch 
H-beam having a steel plate at the ends which were turned to form male 
centering bosses that mated with drilled holes in the side frames. This con¬ 
struction gave extreme rigidity, and provided a means of anchoring to floor 
with no anchor bolts showing when installed. These same cross-ties supported 
the wax pan. Thru this construction it is no longer necessary to dismantle 
the machine for shipment. 

Styling was in harmony with the straight lines of the welded construction. 
All levers terminated in plastic balls, and handwheels were of plate design, 
resulting in a clean cut design, whose theme was paced by the neat lines of 
the welded construction. To conceal actual mechanism of top roll adjust¬ 
ment, boxed closures of J/g-inch steel were contour-sawed and welded. 

The wax tank was formed on brake, and fitted with labyrinth steam 
chamber. Over this structure, magnesia insulation was applied and encased 
permanently with % 6 -inch steel cover welded in place. This was, to our 
knowledge, the first such wax tank insulated as a part of its initial fabrica¬ 
tion. 

The water finish attachment was similarly constructed. Here welded plates 
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gave classic lines. The snap-cover on front and back had a plastic ball handle 
on welded stud, and being made of J/gdnch sheet steel, they had spring steel 
clips welded to them without being apparent on the exterior surface. 

The space between wax pan and the water finish tank was closed bv welded 
sheet steel closures. Valves for control of incoming water were thus com 
veniently located and protected. On old machines, this space is a messy 
collection of broken paper and spilled wax. 

There are four exit pipes for the warm water on the left wall of the tank. 
These are piped together and completely skirted with welded steel cover. 

Splash cover overhead is galvanised steel welded to pipe fittings for return¬ 
ing water thrown off by centrifugal force as paper passes over top roll. 

The rewind stands were constructed similarly to the unwind stands. 

The drives were completely enclosed with welded steel housing's, thus 
insuring safety to the operators. 



Fig. 5. Waxing machine from unwind end. 


From the photos it is quite apparent that appearance has been definitely 
stepped up—that redistribution of weight has resulted in greater rigidity, 
with the result, that where 700-feet per minute was considered tops for a 
cast-iron machine, the welded machine has run experimentally at 1500-feet 
per minute and operates consistently at speeds of 900- to 1200-feet per minute, 
depending upon the grades of paper being run. 

Had it not been for the foundry, the complete machine would have con¬ 
tinued to be made of arc welded construction. However to meet this demand, 
the unwind and rewind stands, the frames of waxer and water finish attach¬ 
ment, and the caps over the bearing slides on the waxer, were made of cast 
iron. 

The patterns so involved, required $400 worth of materials and 825 man¬ 
hours, plus a six-week delay for castings to come from foundry. 
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These are actually the records of two similar machines with the cast iron 
substitutions above mentioned. 

Manhours 


Arc welded construction _2150 

Cast-iron construction_2143 


7 manhours saved by cast iron. 

Material Costs 


Cast-iron construction _$4340.62 

Arc welded construction.— 3844.89 

495.73 

Plus y 5 pattern cost _ 5 50.00 


1045.73 material cost saved by arc welding 
Elapsed Time from Order Received to Delivery 


Cast-iron construction .16 weeks 

Arc welded construction __10 weeks 


The above is a competitive comparison, and does not take into consideration 
the loss of one frame through inaccurate drilling, that could not be salvaged 
as could a steel frame by plugging holes with weld metal and redrilling. 

Hence material cost was approximately 29 per cent more in cast-iron 
construction, and hours about balanced out. 

The lessons learned from the waxing machine are now being applied to 
other products of our manufacture. Having used arc welding as a develop¬ 
ment tool and found it not wanting, we no longer fear the new, but design 



Fig. 6. Detail oi controls. 
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boldly lor the need at hand, then apply arc welded construction, of the right 
proportions, eliminating as many machining operations as possible. Thus we 
get massive clean cut proportions, with a minimum of curves and angular 
lines. 

We have demonstrated to our own satisfaction that when arc welding 
is used as a development tool, it is possible to retire the first cost, and—at a 
profit. 

So much of the value of such a project is intangible. In our case, we im - 
mediately realised sales 200 per cent of normal. We gained prestige through¬ 
out the trade conservatively estimated at $500,000, since the success of our 
first machine reflected favorably on other items in our line. We gained 
confidence in our ability to cope with those customers who want something 
a a little bit special 1 ’. 

The waxing machine market as such, is a relatively small one, with ten 
machines per year distributed to all manufacturers being the maximum, so 
from a strictly monetary point of view the redesign of this machine was of 
relatively little importance. But aside from its monetary value to the machine 
builder, the redesign is important to the purchaser, since he can, through its 
use, produce from 30 to 50 per cent more paper at practically the same initial 
cost as formerly. Being of steel construction his maintenance and replacement 
cost over a period of years will be less and wax papers to bakers will naturally 
reflect the lowered cost of production, with the result that the effects of the 
redesign of this machine will appear on the breakfast table of 130,000,000 
well fed Americans. Waxed paper not only protects their food, but enhances 
its appearance. If a loaf of bread looks good, the chances are—it will taste 
good too! 



Chapter XXIII—Tractor Transmission Case and Frame Assembly 

By Walter J. Brooking, 

Director of Testing and Research, R. G. LeTourneau, Inc., Peoria, III. 



Subject Matter: The design, construction, features and cost of 
making an arc welded wheehtype tractor transmission case and 
frame assembly. The use of arc welding made possible a wheel' 
type tractor which had good power, speed maneuverability, 
ground bearing, ruggedness, load carrying capacity, and low 
initial and maintenance cost. The design allows 40 per cent of 
the load weight and part of the drawn units weight to be on 
the driving wheels. Low'alloy high'Strength steel assembled by 
arc welding resulted in a large decrease in weight and 50% 
decrease in cost as compared to similar cast steel design. Con' 
struction details include control of weld sizes, costs, and correct 
materials. 


Walter J. Brooking 


Tfce story of man’s rise from primitive savagery is primarily one of his 
development and use of better tools. The amount of physical energy which 
modern man can spend each day in solving his problems of living is probably 
little different than his primitive ancestors had. The improvement in the way 
of living of modern man over that of his primitive ancestors is primarily a 
difference in the tools which he uses to multiply the energy he uses each day. 

From time to time in his rise from savagery, man has developed a new tool 
or process which embodies some inherent economy of his energy, and of the 
materials available for his use. Occasionally a new tool or process involves 
such great savings of labor and material that in a comparatively short time, 
large parts of the then existing industry are considerably changed. 

Such a tool is arc welding. 

The arc welding process was originally experimented with by mechanics 
and engineers as a repair and maintenance tool. Very early in its use the 
inherent economies in the use of material and labor, together with the ad' 
vantages of strength, function, and freedom of design compelled the most 
progressive mechanics and designers to use this new tool in the manufacture of 
the machines and equipment for the needs of modern society. 

There are two important steps in the realisation of the full measure of 
economy made possible by the development and use of the new tool—arc 
welding. The first of these is either the redesign of some already existing 
machine or piece of equipment using arc welding to replace some conventional 
method of manufacturing the same equipment, or the designing of a related 
piece of machinery or equipment as a new model employing the arc welded 
design. This first step represents the exploratory steps from the older con' 
ventional methods to the new method embodying new materials, new processes 
and greater freedom of design. The second fundamental source of economy, 
and therefore progress, in the use of arc welded design is that of improving 
the original design of the arc welded machine or equipment. 

The importance of this second step—that of improving the original arc 
welded design—is one which results in very important improvements in the 
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Fig. 1. Original model of wheel-type tractor. 


function of the machine or equipment and equally important economy in its 
manufacture simply because man profits most from his experience. In taking 
the first step from the older, conventional method of making the machine or 
equipment, the designer and manufacturer extends his past experience and his 
past training into his new machine incorporating the most obvious advantages 
of the new process. 

After he has made this first step, and has had a chance to build the machine 
or piece of equipment and see it operate, the experience gained and the ob¬ 
servations which he can make open to his mind other important changes 
which he could make in his first welded design which would allow* him to 
further use the fundamental advantages of the process to make a more effective 
machine or piece of equipment; or to make it more economically; or both. 

By describing an example of a machine embodying many conventional 
mechanical principles by the arc welded method, the author will describe. 
First: how very important economies were realised by first producing the 
machine by arc welding rather than using the conventional methods of manu¬ 
facturing such a machine; and second, the further important economy in 
manufacture and the advantages of design brought about by improving the 
first arc welded design and manufacturing it under the best controlled methods 
learned by the experience of building and marketing the first arc welded 
machine. 

Wheel-Type Tractor Transmission Case and Frame —In developing 
machines to meet the modern requirements for heavy earthmoving, a unit 
was needed which would more economically move large quantities of earth 
over distances ranging from 1000-feet to several thousand feet. The require¬ 
ments of such a machine included: 

1. Power comparable to that of a track type tractor. 

2. Speed comparable to that of a large capacity truck. 

3. Maneuverability equal to or greater than any unit used for the same 
purpose on the market. 

4. A design in which the source of power in the unit and the man power 
operating it could be used more economically, especially in the loading and 
unloading of the unit—more nearly self-loading and self-unloading. 
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5. A ground bearing and propelling design which could withstand the 
speeds attainable by trucks and which would not destroy roadways by cutting 
them up with heavy grousers. 

6. The ability to be used interchangeably with other units of equipment 
in the event that it should be convenient for its owner to do so. 

7. Low initial cost. 

8. Economy of manpower. 

9. Low operating and maintenance cost. 

10. The least possible weight in machine, to get maximum load carrying 
capacity. 

11. Ruggedness of construction and ability to withstand the most rigorous 
operating conditions. 

12. Simplicity of operation. 

To meet the foregoing demands of this modern earthmoving problem, the 
designer produced the unit shown in Fig. 1, a wheel-type tractor mounted on 
two dV^foot pneumatic tires, powered by a 150-horsepower Diesel motor; 
used to operate a modern 15-cubic-yard self-loading earthmoving scraper. 

While the transmission case and frame, including the bumper and belly 
guard structure, (and the side frames of which are also the fuel tanks) are 
the main subject of this paper; for the purposes of more clearly defining the 
subject, a description of the tractor unit itself is herewith given. 

In order to meet the above described requirements for this unit, bold 
departures from conventional designs were undertaken. First, since this tractor 
is used to haul loads of earth and other construction materials, the least 
amount of weight which could be used for the tractor itself and still retain 
the ground pressure required to propel the load, would be the best design; since 
the less weight there is in the tractor, the more weight of “pay load’'’ can be 
hauled with the amount of power available in the unit. Therefore, the 
principle of attaching the wheel tractor to a pivoting yoke on the unit to be 
hauled so that a large portion of the weight of the load, plus all of the weight 
of the tractor itself cantilevered over the driver wheel, was adopted. The 
principle is illustrated in Fig. 2 showing how 40 per cent of the weight of the 
load and a desirable part of the weight of the drawn unit, plus all of the 
tractor cantilevered, directly over the drive tire fitted drive wheels. The appli¬ 
cation of this principle immediately made it possible to reduce greatly the 
material weight of the tractor. 

Second, in the interest of maneuverability, lighter material weight in the 
tractor itself and simplicity of inherent design, this tractor was designed with- 



R 5. 2. Illustrating how 40% of the weight of the load and a desirable part of the weight 
of the drawn unit plus all of the tractor is cantilevered directly over the drive wheels. 
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out front wheels. The fact that the motor cantilevered over the drive wheels 
and that the tractor was held in a horizontal position by the yoke of the unit 
which it was puliing, made it possible to eliminate the entire front wheel 
assemblies usually found on wheel type tractors. Elimination of the front 
wheels, therefore, resulted in the maneuverability equal to or greater than that 
of track type tractois, since the unit can be completely turned around by a 
pivoting about the wheel center of one wheel on a circle whose diameter 
is controlled only by the length of the wheel base from the rear wheels of 
the unit being pulled and the clearance between the driver wheels of the 
tractor. 

Third, in the interest of placing all of the weight possible in front of the 
drive wheels, and to develop more economy of material and space, the frames 
upon which the motor of the tractor was mounted were made as box sections 
and used as fuel tanks. This eliminated fuel tanks as they are usually known 
on tractors, and in addition, placed the weight of the fuel itself ahead of the 
drive wheels so that it contributed more than its actual weight to increasing 
the traction on the drive wheels because of the cantilever effect of its being 
ahead of the drive wheels. This also shortened fuel lines from tanks to the 
motor, yielding a more ideal design. 

Fourth, again in the interest of simplicity of operation the steering median- 
ism for this tractor was placed in the transmission in the form of friction 
clutches so that the least amount of weight and material would be used in 
achieving the steering operation and so that the operator might be placed 
directly over the center of the driving line, near the controls for both the 
tractor and the drawn unit. 

Fifth, the transmission case was so designed that one large axle on each 
side of the case would support the 6j/2-foot pneumatic tire with sufficient 
rigidity and strength and without excessive expenditure for material, to main¬ 
tain standard automotive road width and yet give maximum maneuverability 
and wheel base width. 

Sixth, as a means of reducing weight and of obtaining the material 
strength required for this particular design, a low alloy high tensile structural 
steel of from 80 to 90,000 pounds per square inch tensile strength was used 
in the manufacture of the major parts of this tractor frame. This allowed 
the reduction of weight with comparable strength of from 25 to 3 3Vs% over 
ordinary 60,000 pounds per square inch tensile strength structural steel, for 
all major parts of the tractor case and frame. 

To further describe the production of the unit, it should be stated that the 
radiator, the motor, and the gear shifting transmission assembly were pur¬ 
chased and assembled to the main frame of the tractor after it was fabricated 
in the factory. A power control unit for cable operation was attached to the 
rear of the transmission case in order to actuate the earthmoving unit drawn 
behind the tractor. The operator’s seat structure was purchased. All other 
major structures of the unit, including the wheels and deck plates were manu¬ 
factured in the designer’s plant. Fig. 3 shows a closeup of the tractor itself 
with one drive wheel removed in order more clearly to show the main subject 
of this paper. In Fig. 3 the original arc welded design is shown, indicating 
the relative size of the transmission case and the gas tank and frame structure 
upon which the motor is mounted. Fig. 4 is a close up of the front part of the 
unit showing the belly guard and bumper structure, which is not shown in 
Fig. 3. Since this structure became practically standard with the unit, it is 
included as part of the main frame and transmission assembly covered in this 
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Fig. 3, (left). Drive wheel removed to show main gear case and frame. 
Fig. 4, (right). Same as Fig. 3 with bumper and belly guard. 


The details of the original design of the transmission case, frame and fuel 
tank structures, and bumper structure, together with the accessories required 
to put it together as an assembled unit, are shown in Fig. 5. The four major 
units or structures in this unit were the main gear transmission. case, the 
right fuel tank and frame structure, the left fuel tank and frame structure, 
and the belly guard and bumper structure combined. 

The Designer’s Question—“How to Make These Structures?”—In design¬ 
ing a machine to meet the above outlined requirements for this wheel tractor 
and after visualizing the general structure of the wheel tractor transmission 
case, frame, and bumper assembly from a material standpoint to the extent 
of deciding upon a high tensile steel, the designer had to decide by what means 
he should make these structures. 

A more detailed examination of the specific requirements of such a design 
showed that the structures must have the following characteristics: 

A. Using high tensile material for the construction of these units, relatively 
thin sections would give the required strength for each of the four major 
structures if they were made of boxdike structures to use the maximum 
material strength of the high tensile steel. 

B. The finished structures all require a high degree of rigidity. 

C. They must be so constructed that the vibration of the motor and the 
severe operating conditions of high speeds with heavy loads could not loosen 
up joints or work parts of the unit loose in service. 

D. Both fuel tanks and transmission gear case had to be oil tight. 

E. The fuel tank and side frame structures had to be sufficiently perma^ 
nent of construction so that the bouncing, vibration, and the stresses from 
the weight of the motor would not cause them to deform and throw the motor 
out of alignment with the shifting transmission or the steering transmission; 
or would not develop leaks because of the strenuous operating conditions. 

F. The gear case had to be as easily machineable as possible because of the 
several bearing seats; cover plate seating, drilling and tapping; fuel tank bolt 
base seats; and other machining operations to be done upon it. 

G. The gear case had to house the friction steering clutches, the main 
drive gears for the wheels; and without diaphragming to place the main axles 
for the wheels sufficiently low to maintain proper clearance without 
diaphragming during the most strenuous of operating conditions over rough 
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ground. It must also be strong enough 
rear of the case to give cable control 
drawn unit. 


to seat the power control unit on the 
to the earthmoving scraper or other 


H. All of these structures had to be made with a degree of accuracy which 

would rnamtain very narrow tolerances with the minimum of workmanship 
in order to insure good mechanical function. p 

I. All of the units had to be made to resist heavy shock load and severe 
impact smee this machine would be operating in rough construction work 
under extremely rigorous conditions. All joints and structures had to be 


. J; J ach ,°£ th f e , n ; a J° r futures must be capable of being cleaned and 
painted and finished to withstand normal wear and weather conditions for 
year around outdoor service. 

K- Each of these major structures should be as streamlined and smoothly 
styled as is compatible with the other functional requirements of the design 
m order to make the units have as wide an appeal for modern merchandising 
practice as possible. & 


L. Each of these structures should be made of material and construction 
which lends itself most favorably to field service and repair in the event of 
damage caused by abuse or accident in the field beyond that which should 
be expected of any design in reasonable use. 

M. Each of these structures should be made using as little weight as 
possible in order to achieve the structural strength required and yet release all 
of the weight possible for load carrying capacity. 

Of the conventional methods available for the manufacture of such 
structures, either the use of steel castings or of arc welding would be the 




Fig, 5. Detail of the parts of original arc welded model of transmission case. 
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only reasonable and practicable methods of manufacture. No other method 
would give the rigidity combined with the permanence of joint and oil tight 
requirement embodied in this design. 

Cast from Alloy Steel or Arc Weld from Alloy Plate?—Each of these units 
could be manufactured by arc welding; or with certain concessions in design, 
by alloy steel castings so that they would be interchangeable in assembly, 
uniform in shape and size, and would have about equal characteristics so far 
as handling in the factory or assembly is concerned. Each would have to be 
made with a rigid control of material and workmanship in order that they 
present a good performance in the field. A comparison of the general fea¬ 
tures of the cast steel construction compared to the arc welded construction 
aside from a detailed comparison of costs, (which will follow later) for each 
separate structure, indicates the following general differences. 

A, Weight of Structures—Each of the four major structures involved 
would be heavier using the cast construction, even using a comparable 
strength alloy cast steel because of the many thin sections involved in each 
of the four structures and because of the necessity for fillets to equalise the 
thin sections with the very thick sections, particularly in the transmission 
case. This difference is estimated to be at least 7 per cent heavier over the 
arc welded construction in the finished castings. 



Fig. 6. Cross section oi main transmission case. 


B, Freedom in Use of Specialized Materials—If these structures were made 
of cast steel they would have to be made completely homogeneous whereas 
using the arc welded method of construction, high tensile alloy steel plates 
and bar stock may be used for the major parts of the structures where struc¬ 
tural strength is necessary and a less expensive and more machineable steel 
such as SAE 1020 may be used for such items as the bearing blocks, bolt 
plates for the ends of the gas tanks, and other parts of the case or other 
structures where mechanical strength is not particularly necessary. An ex¬ 
ample of such a part is the baffle plate inside of the fuel tank to avoid surge 
while the units are traveling. These baffle plates are made of mild steel J/jy 
inch thick, welded inside of the alloy plate box structures. An examination 
of Fig. 6, which shows a cross section through the final drive case showing 
the parts after assembly, shows some of the bearing blocks in the case and a 
comparative thickness of the main structural wall-plates of low alloy high 
tensile steel compared to the thick heavy bearing blocks which in the arc 
welded construction can be made of mild steel. These parts are thus more 
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machineable and less expensive than if they were made from the alloy 
plate, and still they have all of the structural strength required of them. 

C, Maintenance of Clearances and Tolerances in Structures—By arc weld¬ 
ing parts made from alloy steel plates as rolled at the mill, under controlled 
set-up and welding procedures, the maintenance of the close clearances in¬ 
dicated by Fig 6 is assured. By taking plates and other parts of uniform 
shapes, strength and size, and setting them up under positive control and 
fusing them together with welded joints which increase the section of the 
members only at the junction with the adjoining members of the design, it 
is possible to set up and maintain the close tolerances and space-utilising 
design such as illustrated in Fig. 6. The problems of casting thin sections 
of high tensile alloy steel into sections requiring as cl6se tolerances as in¬ 
dicated in Fig. 6 present difficulties which, if met by the most resourceful 
of modern foundiy practice still require a cost, according to official foundry 
cost schedules, which cannot compete with the arc welded design. 

D, Inspection—the Control of Quality—Certain items in the design, 
particularly the baffles in the fuel tank structures would be almost impossible 
to produce by the casting method. The inspection of such inside features 
and the accurate production of uniform section thickness and 100 per cent 
uniform quality throughout the critical part of the design would be extremely 
difficult in the cast design. However, in the manufacturing of them by the arc 
welded method the materials themselves control the section thicknesses since 
they are already assured by the purchase of uniformly manufactured rolled 
plate and bar stock. In addition, the fact that these units can be built up as 
sub-structures and then welded into complete structures allows the progres¬ 
sive inspection of every detail of the structure as it progresses through each 
step of its manufacture. 

E, Welded Bolt Circle Plates vs. Cast Steel Bolt Circle Plates—Since 
these structures are bolted together in certain places, the arc welded con¬ 
struction presents another important advantage in that the surface of a rolled 
steel plate or bar as purchased from the steel mill is sufficiently uniform and 
flat to seat the head of a capscrew and a lock-washer on it without machin¬ 
ing. The entire bolt circles or bolt bases on the fuel tank structure if cast 
would have to be either spot faced or milled flat to prepare it for a satisfactory 
and dependable capscrew base. 

F, Repair of Accidentally Damaged Structures in the Field—In the event 
of abuse or accidental damage to the unit in the field, because of unexpected 
damage done to any of the major structures involved, the arc welded design 
would present complete assurance of quick and easy repair by welding that 
would not necessarily be true of the cast steel design. The fact that it was 
originally made by welding indicates the weldability of its parts. A skilled 
serviceman in the field would not hesitate to bend or straighten a welded 
structure by ordinary field welding methods and arc weld it to a state of 
complete repair, if he were called upon to work upon it. With the cast 
steel design, however, he would have no way of knowing whether the origi¬ 
nal strength of the castings had been attained by heat treatment of an alloy 
steel and consequently would have two questions difficult to answer with 
regard to a welded repair on such cast structures: First, “is it weldable?” 
(a question he could answer by trying to weld it), and second, c if it were 
welded would the heat of welding reduce the strength so that subsequent 
failure would follow?” If modem field repair service by welding were not 
applicable to such a unit, any other method of repair would be very expen- 
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si ve from a standpoint of time and labor involved, since it would require 
straightening mechanically in some fashion and perhaps bolting patches onto 
the structure; or else it would require the replacement of the structure itself. 

G, Freedom of Manufacture and Independence of Production—In view 
of the very specialized foundry processes involved, that of making high-grade, 
high tensile special alloy steel castings requiring considerable technical 
experience and requiring a great initial outlay for equipment, the designer 
could correctly assume that it would be more economical for him to pur¬ 
chase these alloy castings from already experienced and existent foundries in 
the cast and cleaned condition ready to machine rather than to try to set 
up his own foundry for the manufacture of such castings. (Even such large 
users of alloy castings as the railroads usually purchase their castings from 
steel foundries, rather than trying to operate foundries of their own). The 
welded structures he could make himself in his own plant in varying quanti- 

• ties to suit his own needs with a small enough initial outlay of capital for 
equipment and material to be practical for the ordinary small or the medium 
sized industry today. This automatically gives him a freedom of production 
of from a very few parts or a very few completed units at first, to any rea¬ 
sonable number which he desires to manufacture according to the demands 
for his field. From the standpoint of development of design, this is a very 
important feature in favor of arc welding since it gives the manufacturer 
the opportunity to use equipment which may already be in his plant or which 
can be purchased for a relatively small initial outlay compared to the initial 
cost of a few experimental cast pieces of the complexity indicated by these 
four main structures for the wheel tractor transmission case and frame by the 
cast steel method. The cost of castings in small numbers is much greater than 
in lots of 100 for example, due to pattern costs. 

H, Speed of Development and Proving of New Designs—The length of 
time required in developing new designs and getting the experimental units 
built and tested in the field is a very important consideration in the develop¬ 
ment of new units. In the case of the wheel tractor, transmission case, frame 
and fuel tank assembly, the initial investment in time using steel castings as 
compared to that for the arc welded design would be considerably greater. 
Several items contribute to this. First the specifying of fillets and risers 
and the amount of detail required in the drawing for such a structure as the 
transmission gear case alone, would require considerably more engineering 
and drafting time than a similar drawing for. the arc welded construction 
method. Second, the length of time consumed in manufacturing the pattern 
and cores required for such a complex structure would probably be about 
equal to the length of time required to actually manufacture the unit from 
rolled steel and bar stock by the arc welded method. 

I, Freedom to Make Changes in Design While Building the First Unit— 
The freedom of choice on the part of the designer to make changes in his 
experimental units is considerably greater in the arc welded method than in 
the steel cast method, largely because of the requirement of making new and 
expensive patterns and all new castings in the event of a change in a cast 
steel design. This requires much more time and money than the simple 
method with the arc welded design of simply altering the drawings and 
cutting new pieces and building a new structure. In many cases this is not 
even required, for in minor changes parts may be welded onto the original 
design or pieces may be cut out with an acetylene cutting torch and the new 
pieces cut and welded into the design. 
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General Requirements for Most Economical Arc Welding Manufacturing 
Practice Since all of tlie foregoing consideration indicates that the choice of 
the arc welded method of producing the four major structures for the wheel 
tractor transmission case, frame and bumper assembly, a further consideration 
of the important features of the arc welded method of manufacturing such 
units should be considered. 

A, The Welding Engineer—Probably the most important factor in the 
use of arc welding for the manufacturing of any type of unit, whether it is 
very large or whether it is very simple, is the welding engineer. The most 
important attribute of the welding engineer must be that he be completely 
sold on arc welding as a means of manufacturing equipment. This confidence 
in arc welding should be the result of experience, and in order to function 
properly he must have the power to act within a wide scope of responsibility. 
This may be limited to the complete charge of designing and manufacturing 
of a very small item as a starting step if the company is contemplating 
changing its products over to an arc welded design. The wide range of 
authority and power to act is absolutely necessary for him successfully to 
make the step from an older conventional method of manufacturing a 
product to the arc welded method. 

This welding engineer functions best ordinarily if he is trained within 
the organisation, but if such a man is not available in the organisation, qualb 
fied men may be obtained elsewhere. He must know arc welding from the 
manual processing standpoint from experience. He must be a good mechanic, 
he must be a resourceful workman, he ‘must be able to use the accessory 
machinery and train people in its use to manufacture the parts which he 
wants made for his structures. He must understand arc welding design from 
a material strength standpoint and from a practical processing standpoint. All 
of this is information which he may learn on the job by studying and by 
practical experience. In many ways it is better for him to get that informa^ 
tion on the job than in any other way, because he tends to experiment more 
and take fewer things for granted as being impossible to do. 



Fig. 7. Multiple flame cutting makes mass production an economic reality. 
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He must know how to calculate costs, and be able to organise procedure 
controls. He must be a man who can win the confidence and respect of the 
workmen under him and lead them rather than push them to accomplishment, 
for in that way he may incorporate into his accomplishment the natural 
resourcefulness of the average workman in offering suggestions as to how 
to improve procedures, which is one of the most important sources of im¬ 
proved design and processing in the arc welding field today. He must be 
able to demonstrate by objective facts and tests the value and solidity of the 
structures which he builds and the economies involved therein. He must be 
able to tram men in procedure control and to delegate responsibilities to 
capable hands in such a way that workmanship and material are used accord¬ 
ing to the best possible practices of economy. 



Fig. 8. (left). A roll mokes curved parts economical. Fig. 9, (right). One piece bent is 
usually more economical than two pieces welded together. 

B, Processing Machinery—The physical equipment required for arc 
welding does not offer a particularly large problem. A source of oxygen and 
acetylene for flame cutting and a good source of electrical power to operate 
the arc welding machine are necessary for the plant. Both of these items 
are easily available in the average industrial plant today, or can be made so 
with relative ease. There is a wide variety of arc welding machinery on the 
market from which this welding engineer may choose the items best adapted 
to his purposes. 

Mechanical flame cutting units, such as shown in Fig. 7, increase the 
production of flame cut parts markedly and bring about very good economy 
for the production of large numbers of units by the arc welded method. 
Plate shears and bar shears offer economy in the preparation of parts for weld¬ 
ing structures on a production basis. For the best functional designs involving 
curved structures, a steel rolling unit such as shown in Fig. 8 also offers 
real economy in shaping parts for the mass production of arc welded struc¬ 
tures. 

One of the units of machinery that produces the greatest economies in 
producing parts for arc welded structures is a bending brake such as shown 
in Fig. 9 since it allows the bending of plates rather than the cutting of them 
into smaller pieces and welding them together. Whenever a single plate can 
be bent to take the place of two or more smaller plates a marked reduction 
in cost of the structure results due to fewer inches of welding, and less 
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handling of the parts of the structure. Such a brake may also be used as a 
punching unit, Fig. 9, or for hot or cold bending, pressing, embossing and 
shaping. 

C, Welding Set-up and Positioning Fixtures—One of the major steps 
of control and mass production uniformity and economy in the arc welding 
method of fabrication is that of using fixtures for the setting-up of the parts 
and positioning fixtures for the most favorable welding of structures. These 
fixtures may be the same fixtures in the case of simple units or they may be 
separate, as for example, the case set-up fixture shown in Fig. 10. Such a 
fixture may be made simply and economically by the welding engineer. By 
attaching stops and clamps to it the workman who sets up the parts may 



Fig. 10, (left). Inexpensive set-up fixture provides quick positive positioning. 
Fig. 11, (right). All welded positioning unit. 


place them more quickly and more nearly error-free, and more positively 
than he can in any other way. This reduces the time and, consequently, labor 
involved and reduces the opportunities for mistakes. It gives positive align¬ 
ment of parts and maintains tolerances aind clearances in a positive manner. 

Another very important source of economy is illustrated in Fig. 11, 
which shows a positioning fixture for a gear case which allows universal 
positioning for downhand welding of the majority of joints in the unit. 
This is a very important source of economy as is shown in Table I showing 
what the difference in cost of deposition of welds made in the vertical posi¬ 
tion, in the horizontal fillet position, or in the flat (downhand) position 
amounts to. Not only is there a considerable percentage of increase in speed 
of deposition of welds in the downhand position over other positions, but 
there is a greater assurance of complete penetration into the bottom of the 
weld, a better appearing weld usually results and there is usually less time 
lost by the operator due to fatigue, preparing himself to weld, loss of nervous 
energy, and machine adjustments. 
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Table I—Percentage of Welding Time Saved by Positioning Vertical and 
Horizontal Fillet Welds for Downhand Welding. (Minutes Per 
Inch of Weld Based on Time Studies in Manufacturers 5 
Plant of Arc Time Plus Fatigue Allowance). 


Size 

of 

Weld 

Min./Inch 
of Weld 
Welded 
Vertical 

Min./Inch 
of Weld 
Welded 
Horizontal 
Fillet 

Min./Inch 
of Weld 
Welded 
Downhand 
(Positioned) 

Percent Saved 
by Positioning 
Vertical 
Weld 

for Downhand 
Welding 

Percent Saved 
by Positioning 
Horizontal 
Fillet Welds 
for Downhand 
Welding 

3/6" 

.254 

.140 

.105 

58.7 

25.0 

1/4" 

.292 

.155 

.115 

60.6 

25.8 

5/6" 

.327 

.170 

.125 

61.8 

26.5 

3/8" 

.412 

.231 

.140 

66.1 

39.4 

1/2" 

.660 

.342 

.191 

71.1 

44.2 


D, Operation Sequence Control —It is relatively simple after a fixture 
is prepared to set-up the parts of a structure and a positioning fixture is 
available in which to weld it to establish a step-wise procedure of operation 
from the placing of the first part in the set-up fixture until the completion of 
the last weld. Figs. 12A, 12B, and 12C show check sheet incorporating 

Case Welding 


Elements 


CCC. Units Total 


1. Prepare jig for setup. 

2. Get & pos. end plates to jig._. 

3. Burr holes in end plates 6P clean bushings. 

4. Get & pos. inside end plates___ 

5. Clean, pos. axle shaft 6r* bushings. 

6. Clean, trim €s? pos. to center plates. 

7. Get fs? pos. spacers for center &? end plates & tack. 

8. Pos. 6? tack bottom plate.. 

9. Adj. center pit. stop; pos. axle boxes bushings_ 

10. Clean €s? pos. axle boxes.. 

11. P. (s? T. ball gear hsng. bands. 

12. Clamp in place 6? complete tacking bottom pit. 

13. Turn jig; pos. 6? tack side plates in place. 

14. Turn jig, pos. tack 1" bars. 

13- Turn jig, tack inside plates to side plates &P loosen stops.. 

16. Turn jig remove main axle shaft.... 

17- Weld axle boxes._. 

18. Turn jig, pos., tack weld facing block. 

19. Pos. boxbeam spacer finish welding axle boxes. 

20. Turn jig, pos., tack 6? weld 2 gussets. 

21. Pos. & tack sub. bottom 6? draw bar str. 

22. Pos. tack two gussets to frt. of axle boxes. 

23- Remove case from setup jig.. 

24. Finish tacking inside plate £*? 1" bar.*. 

25. Stamp and aside structure.. 


Total... 


Date-- Case No. 

Job No. Operator's No.. 

Foreman’s O.K. Shift Day.. Nite.. 

Plant.. 


Fig. 12a. Step-wise procedure check sheet for set-up of main transmission case. 
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Inside Welds 


Elements 


1 . Pos. 6 ? clamp case in jig, pos. jig to frt. pit. thru two holes. 

2 * Pos. center spacer across case at top. 

3 . W. stringers 6 s? 1 st passes on outside of case turning jig. 

4 . W. four butt welds bull gear hsngs. to frt. 6 *? back pits, turning 

jig- 

5 . W. It. axle box & bot. of reinf. bar to It. inside pit. turning jig. 

6 . W. rt. axle box 6 s? bot. of reinf. bar to rt. inside pit. turning jig.... 

7 . Turn, W. axle bxs. to bot. pit., frt. side... 

8 . W. axle bxs. to bot. pit., back side, S. V’s. frt. 6 j? back pit. to bot. 

pit., turning. 

9 . W. axle blks. to axle bxs. 6 s? bot. pit. both sides turning jig. 

10 . W. bot. pit. to frt. 6 s? back pit. turning jig. 

11 . W. axle bxs. to bot. pit. inside sides turning jig. 

12 . Tie in axle bx. 6 j? axle blk. welds turning jig... 

13 . W. 1 st passes rt. sides of center pits, to bot. pit. turning jig. 

14. W. 1 st passes It. sides of center pits, to bot. pit. turning jig. 

15. Slag all (4) 1 st 6 s? W. 2 nd passes It. sides of C. pits, to bot. pit. 

turning jig... 

16. Turn, W. rt. inside pit. to bot. pit. 

17. W. 2 nd passes rt. sides of G. pits, to bot. pit. turning jig. 

18. Turn, W. It. inside pit. to bot. pit. 

19. Turn, slag all tacks on inside 6 ? center pits. 

20. Turn, W. It. sides of inside pits, to frt. pits.. 

21 . W. rt. end pit. 6 s? 1 st passes on rt. sides of C. pits, to frt. pit. 

22 . Turn, W. rt. end pit. 6 s? It. sides of inside pit. to back pit_ 

23 . W. 1 st passes center pits, to back pit. turning jig. 

24. W. It. end pit. 6 s? rt. sides of inside pits, to back pit... 

25. Turn, W. rt. sides of inside pits, to frt. pits. 

26. W. It. end pit. 6 s? 1 st passes on It. sides of C. pits, to frt. pit. 

27. Turn, slag 1 st passes center pits, to frt. 62 ? back pit... 

28. W. 2 nd passes center pits, to back pit., It. sides. 

29. Turn, W. 2nd passes center pits, to frt. pit. It. sides. 

30 . Turn, W. 2 nd passes center pits, to back pit., rt. sides. 

31 . Turn, W. 2 nd passes center pits, to frt. pit., rt. sides. 

32 . Slag, P. T. 6 s? W. ( 2 ) splash gussets turning jig... 

33 . Slag, P. T. W. ( 2 ) splash gussets turning jig. 

34. Turn, W. bar to back pit. 

35. Turn, W. bar to It. outside pit., 1 st pass bar to It. inside pit. 

36. Turn, W. bar to frt. pit. 

37. Turn, W. bar to rt. outside pit., 1 st pass bar to rt. inside pit_ 

38 . W. bar to rt. inside pit. 2 nd pass. 

39. W. S. V’s. bar to rear pit. 6 «? tie in welds on sides of bars turn' 

ing Jig. 

40. Turn, W. bar to It. inside pit. 2 nd pass. 

41. W. S. V’s. bar to frt. pit. 65 ? tie in welds on sides of bars turning 

Jig.-. 

42. Turn, remove center spacer clamp, W. under clamp. 

43. Turn upright, W. tie in welds top 6 ? inside of case. 

44. Remove 6 *? aside case from jig. 

Date.. Case No.. Total.. 

Operator’s No. Unit No.. 

Foreman's O.K. Job No.... 

Shift: Day. Nite. 

(H 3591) 

Plant #2 
TS 26 

Fig. 12b. Step-wise procedure check sheet for making welds 

case. 


CCC. Units Total 


on inside of transmission 
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Outside Welds 

Elements 


GCC. Units Total 


1. Pos. clamp case in jig..— 

2. Turn, W. 1st pass bull gear hsngs. to It. ins. pit. 6? rt. end pit... 

3- Turn, W. butt welds, bull gear hsng. bands to frt. pit. 

4. Turn, W. 1st pass bull gear hsngs. to rt. ins. pit. & it. end pit.... 

5. Turn, W. butt welds, bull gear hsng. bands to back pit... 

6. Turn, slag tks. on all bars; W. bar to frt. pit. 

7. Turn, W. bar to It. end pit... 

8. Turn, W. bar to back pit. 

9. Turn, W. bar to rt. end pit... 

10. Turn, slag 1st passes all way around end 6s? ins. pits. 

11. W. 2nd pass all way around it. end pit. turning jig. 

12. W. 2nd pass all way around rt. end pit. turning jig.. 

13- W. rt. ins. pit. to bull gear hsng. turning jig. 

14. W. It. ins. pit. to bull gear hsng. turning jig. 

15. Turn, W. 1st pass sub bot. to axle boxes.. 

16. Turn, slag tks. 6? 1st passes back to bot. pit. axle bxs. to sub" 

bot. 

17. Turn, W. 2nd pass back pit. to bot. pit. 

18. Turn, W. 2nd pass axle bxs. to bot. pit. back side. 

19- Turn, W. 2nd pass sub bot. to axle bxs. 

20. Turn, W. hondu to sub'bot. 6? hitch blk. to bot. pit., rear side... 

21. W* hitch blk. to sub'bot. outside. 

22. Turn, W. frt. pit. to bot. pit. 

23. W. rear of axle bxs. to ins. pits.; W. rear gussets to axle bxs. 

turning jig... 

24. W. hitch blk. to sub'bot. inside turning jig. 

25- Turn, W. ins. side of It. axle bx. It. inside pit. to bot. pit. 

26. W. rt. sides of rear gussets to bot. pit.; W. bot. of It. axle bx. 

to ins. pit. 

27. W. seams on frt. sides of sub'bot. turning jig. 

28. Turn, W. ins. side of rt. axle bx. b? rt. inside pit. to bot. pit.... 

29. W. It. sides of rear gussets to bot. pit.; W. bot. of rt. axle bx. to 

ins. pit. 

30. W. frt. gussets to sub'bot. turning jig. 

31. W. sides of sub'bot. to bot. pit. turning jig. 

32. Turn, W. axle bxs. (inside) ( 3 ? frt. pit. to sub'bot. 

33. W. 2nd pass top side of bot. pit. to frt. pit. 

34. Turn, W. sub'bot. to inside pit. 

35. Turn, W. corners of sub'bot. to frt. pit. 

36. W. top hitch blk. to bot. pit. frt. side, W. edges of hitch blks. 

to sub'bot... 

37. W. corners &P tie ins. on frt. pit. 6? frt. of sub'bot. 6? axle bxs. 

turning jig.. 

38. Turn, W. edges of hitch blks. to sub'bot. ins. tie in back pit, 

corners. 

39. W. S. Vs. back to bot. pit., finish tieing in welds. 

40. Remove clamps, W. where clamps were, W. corners of bars. 

41. Remove & aside case to floor, turn blk. case upright on floor. 

42. Remove jig from frt. pit. 

Total. 

Unit No.. 

Job No.... 


Fig. 12c. Step-wise procedure check sheet for making welds on outside of transmission 

case. 


Date. Case No.. 

Operator's No. 

Foreman's O.K... 


Shift: Day. Nite 

(H 3593) 

Plant fl 
TS 27 
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step'wise procedures and shop production record sheet used by workmen 
who make the tractor transmission case. Such a step-wise procedure is 
exceedingly important because it makes for uniformity of structure. It also 
allows the use of the positioning fixture to its best advantage, that of getting 
the majority of the welds deposited in the downhand position and in the 
same sequence from one part to the next. With such a step-wise procedure, 
the operator learns his job in an orderly fashion and executes it the same 
order on each successive structure. This makes it possible to spend most of 
his conscious attention on the deposition of metal, and assuring himself that 
he is depositing good sound welds, rather than planning which move he is 
going to make next. Operation sequence control is one essential step in 
modern industrial mass production which has been proved to be indispens¬ 
able in the production of machines with interchangeable, standardised parts. 
It can be organized for production of machines by arc welding very easily, 
and thus establishes the well known economies of standardized mass pro¬ 
duction. 

E, Control of the Size of Welds Deposited on Structures —The alert 
welding engineer quickly recognizes that the deposition of the correct 
size of welds as a structure is of great importance. In the first place it is 
necessary to deposit sufficient metal in a joint to assure its proper function. 
The average welding operator wants to be on the safe side and consequently, 
unless specifically advised as to the size of weld which he is supposed to 
deposit, he will almost invariably deposit a larger weld than is really neces¬ 
sary. There are many means of accomplishing control of the size of welds 
but probably the most effective one of all is that of the use of welding symbols 
on prints from which the man works. 

The importance of the size of weld compared to the cost of the weld is 
shown in Fig. 13 which diagrammatically shows the volumetric progression 
of size of welds with increase in dimensional size. Roughly a J-4-inch weld 
is equivalent to 4 times the volume of a J/g-inch weld. Fig. 14 shows how a 
weld size may be shown on a print by a welding symbol and also shows the 




Fig. 13, (top, left). Volumetric progression of sir© of welds. Fig. 14, (top, center). Directly 
fitting Joint. Fig. 15, (top, right). Diagram showing the cost of overwelding. Fig. 16, (hot 
tom, left). The result of overwelding. Fig. 17, (bottom center). Improper fit-up requires 1V% 
to 3 times more weld metal. Fig. 18, (bottom, right). A gap of % the thickness of the 
thinnest plate in the Joint requires over 5 times the necessary weld xnetaL 
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Fig. 19. Mass production of machining. 

volumetric size of. a properly welded joint according to the specifications. 
Fig. 15 illustrates the result of over-welding where the weld is twice the 
size specified by the symbol, where actually about four times the amount of 
weld metal has been deposited. Fig. 16 shows a common degree of over¬ 
welding, simply that of being 1 Yi times the sue specified on the print or 
necessary for the joint and yet requiring approximately twice the amount 
of weld metal. The control of welding metal deposit; that is, the sue of the 
welded joint, by some positive method, is one of the most important sources of 
economy in the arc welding method of fabrication of machinery or other 
equipment. 

F, Control of Joint Fit-up —Another extremely important factor in the 
cost of arc welding structures which the alert and resourceful welding engi¬ 
neer will keep under close control is the degree of perfection of fit-up at the 
joints. This is inherently important from the standpoint of getting good, 
strong, sound joints; and of requiring the minimum time to produce struc¬ 
tures by the welded method. Fig. 17 shows a welded 'joint similar to that 
shown in Fig. 14 with a perfect fit-up. The joint in Fig. 17, however, shows 
a gap in the fit-up of one third the thickness of the plate, which, again 
following the natural tendency of the average workman who wants to do 
an honest, safe job, will almost always cause the deposition of more metal 
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than that joint requires. Further, the additional amount of time required 
to deposit the first bead or two in the joint, and the additional time required 
to weld the total joint results in a very significant increase in the cost of the 
unit. 

Fig. 18 shows a similar joint with a gap equivalent to two-thirds of the 
thickness for the thinnest plate in the joint showing geometrically how at 
least four times the amount which was specified is deposited and usually 
about five times the amount of weld metal is deposited in such a joint. .A 
simple procedure of checking the template by which the parts are cut and 
by correcting them to the original design, as made in the first experimental 
model, is the most important step in the control and elimination of poor fit¬ 
ting joints. If this checkup and correction is made on the original set of 
templates from the experimental machine; and any misfits which escape that 
first checkup and occur in subsequent orders of the unit are corrected on 
prints and templates immediately when they are found, the poor fit-up ele¬ 
ment in welding can be reduced to a minimum, especially when positioning 
fixtures are used to place the part in their proper position. If the parts are 
cut properly and are positioned with positive accuracy by a fixture, a design 
can be perfected to automatically yield good fit-ups. 

G, Training of Welding Operators—The training of welding operators 
by the welding engineer when they join the organisation is a very important 
step in the economy of his overall production. If the engineer trains his 
men to weld from the very beginning, or if he hires arc welders and qualifies 
them by tests which satisfy him that they can do the required work, the 
next important step is that he shall in some orderly way train them in the 
processes, methods, and controls associated with his job. This should in¬ 
volve a thorough training covering the use of the equipment in the plant, 
according to that particular plant practice; the method of control; the use 
of fixtures; and the step-wise procedure of manufacturing the unit. If a 



Fig. 20. All welded normalizing fa- 
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Fig. 21, (left). Welded gear case. Fig. 22, (right). Major machining operation on welded 

structure. 


careful and orderly training program of this kind is carried out whenever 
a new man comes to the organisation, the welding engineer and management 
may be assured of a much more uniform, economical, and satisfactory service 
from that workman, because he then can be told exactly what is expected of 
him. 

H, The Machining of Welded Structures—The machining of arc 
welded structures is much like the machining of the product of any other 
conventional method of making such units, such as castings, and the practices 
of making fixtures for quicker machining produces economies which are 
very important. 

The use of a multiple drill to place half of the holes in the top of a trans- 
mission case, shown in Fig. 19, to which the deck plate is bolted is a good 
example of how arc welded structures may be machined on a mass production 
basis using multiple drills and drill jigs with hardened bushings to speed up 
this type of production. In the use of certain alloy plates for arc welding, and 
in the building of certain structures, such as a complex gear case, it is neces¬ 
sary to stress relieve the completed welding by normalising at 1200 degrees 
in a furnace and allowing to cool gradually to release the stresses within the 
structures. Fig. 20 shows welded transmission cases being removed from 
an unconventional type of welded normalising furnace. After such normalh- 
ing, it is frequently beneficial to clean the structure thoroughly, removing 
the resulting normalising scale, such as shown in Fig. 21, the slag and 
spatter-drops from the welding process from the structure before machining. 
This may be done by a sand or grit blasting process, or by a strong buffing 
process, or in some cases a flame scaling process. It is often desirable to put 
a primer coat of paint on a welded structure of some complexity immediately 
after cleaning and prior to such machining operations as shown in Fig. 22, 
the boring of the bearing seats of a welded transmission case. 

The above outlined items of good welding practices are all within the 
scope of the modern manufacturing workman’s abilities and capacities and 
within the scope of the common tools with which manufacturing is done 
today. They represent a brief review of the fundamental things the alert 
welding engineer or the management of a welding establishment should study 
and maintain under control in order to reap the best results from the arc 
welding process. These problems for the arc welding design and manufacture 
of equipment are no greater for the welding process than the other variables 
and problems which must be organised and controlled in other methods of 
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manufacturing, and are simpler in many respects. There is nothing in the 
solution of any of the above listed problems which is beyond the ability 
of an alert student of his job; and which may not be worked out and learned 
from experience on the job if the one who is solving them has the cooperative 
backing of the management of his organisation. 

After having considered the foregoing items and elements of successful 
arc welding design and practice in the manufacturing of arc welded struc" 
tures, the designer of the wheel type tractor for greater efficiency in earth" 
moving decided to arc weld the four main structures shown in Fig. 5. A 
detailed study of the comparative costs of the arc welded methods of con" 
struction for these four structures compared to that of the cast steel construe" 
tion follows. 

Source of W^elding Costs and Costs of Materials Used—Early in 1940 the 
design of this new model wheel tractor was undertaken. The structure 
shown in Fig. 23, namely the gear case for the final drive transmission, includ" 
ing the axle housings for the main drive wheels, and the right and left 
combined frame and fuel tank structures were first designed. 



The cost of this transmission final drive gear case and frame assembly 
which will hereinafter be given, is an actual cost on a production basis. 
One experimental unit was first made and tried. (This, of course, was 
complete with the gas tank, bumper and belly guard, assembled into a 
complete unit and tried in the field). It proved to be sufficiently successful 
that a pilot production order of five such units was produced. On this 
order of five, the tools, jigs, and fixtures, welding control procedure, and 
other production requirements were established. A full fledged production 
order of 50 followed the pilot order of five. The demand for the unit was 
so great that a second production order of 50 was issued and practically 
completed by the end of 1940. On January 1, 1941 there were already 88 
of the original welded design wheel tractors in the field in operation. It is, 
therefore, on this production basis that the cost of the structures are given. 

Specific Items of Cost in Welded Structures—A, Mild steel comparable 
to SAE 1020, at the 1941 average price paid by the manufacturer for mild 
steel, 2.8 cents per pound. 

B, Low alloy high tensile special structural steel plates, shapes, angles 
and bar stock as rolled at the mill at the average price paid by the manufac" 
turer for all such low alloy high tensile structural steel in 1941, 3.8 cents 
per pound. 
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C, Special tubing and standard pipe used in the manufacture of these 
units at $.040 per pound, which was the average price paid by the manu- 
facturers in 1941. 

D, Labor and overhead, based in all cases upon actual time studies, a 
“standard cost” involving the actual number of minutes of work (and includ¬ 
ing “fatigue allowance”) required to perform each of the processes of all 
of the parts, sub-structures and structures and operations to complete the 
processing and cleaning of these structures. Charged against these minutes 
(the direct labor) is the overhead for each department. The overhead 
for the fabricating and assembling department included the electrodes and 
power cost of arc welding. Since the cost per minute of labor varied in 
different departments because of the assigning of different items to overhead 
in different departments the following cost per department in the factory 
involved in the manufacture of these structures; and the cost therefore used 
in computing the manufacturing cost of each of these structures in all cost 
comparisons used in this paper are as follows: (These are the average costs 
per minute of overhead and labor in 1941): 

Per minute 


Steel cutting, shaping and forming department.$0,061 

Fabricating and assembling department.047 

Heat treating (and normalising) department.117 

Machine shop .084 

Cleaning and painting department.040 


Since manufacturing of machinery by the arc welded method is not an 
uncommon practice today, the numerous details of the exact production of 
the parts and structures going into this transmission case will not be de¬ 
scribed here. Suffice it to say that the designers while they drew up the 
structures were mindful of the elements of good welding practice described 
earlier in this paper and that the work was done in a modern factory equipped 
for arc welding manufacture. The parts which made the structures were 
manufactured from steel plates, shapes, bar stock, and tubing as produced 
by the steel mill. These parts were sheared, flame cut, rolled, bent or formed 
according to the requirements of each part in accordance with the most 
economical method of making them in this particular plant, always with the 
eye to forming and bending parts wherever possible to improve fit-ups, 
positioning ease and reduce the number of inches of weld necessary in the 
structure. 

Cost Case Arc Welded—Since the gear case logically formed a separate 
unit and one which required considerable machining after fabrication; and 
required that the frame alignment be maintained to a high degree of 
accuracy after machining, the original case was designed so that by facing 
the front surfaces and drilling and tapping them, the right and left frame 
and fuel tank structures could be bolted on to form the major part of the 
tractor frame and transmission unit. 

The fact that the unit was designed for arc welding allowed the designer 
to use two types of material: 

First, a special low alloy high tensile weldable structural steel having a 
tensile strength of from 80,000 pounds to 90,000 pounds per square inch 
instead of mild steel of approximately 60,000 pounds per square inch tensile 
strength, with a reduction in the weight of the main structural portion of the 
transmission case from 25 to 33 per cent. 

Second, the designer used mild steel bearing blocks and bolt blocks 
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wherever it was advantageous from the standpoint of machinability or 
economy in the use of materials. Examination of Fig. 24, which is a re¬ 
production of the print used by the shop in setting up and welding the 
parts and substructures which make up original welded model of the final 
drive case, shows the several thick bearing blocks which were made of 
mild steel in order to attain better machinability and to produce the wide 
bearing and oil seal scat for the main axle bearings and other large bearing 
seats in the case. 

Simplicity of Engineering Prints Reduces Costs—A moment’s considera¬ 
tion of the blue print reproduced in Fig. 24 indicates the relatively simple 
engineering prints which can be used with this method of fabrication. 

First, each part of the entire unit can be easily recognised as an individual 
part by examination of the blue print. 

Second, even with the number of dimension on this relatively complex 
structure and the labelling of the relatively large number of parts and sub¬ 
structures; the print is easily readable. It has a minimum of special sections 
and other features which consume the draftsman’s and engineer’s time in 
drawing and designing, and which add to confusion on the part of work¬ 
men in the shop. 

/ Third, the welding symbols used in the welding procedure control in 
fabricating this structure are included on the print. To one acquainted with 
the use of arc welding symbols as a means of controls the simplicity of the 
symbols and the fact that they can be incorporated on as complex a structure 
as this gear case, indicate that it is practical. The symbols shown are the 
American Welding Society’s welding symbols, to which has been added 
elements control the position which the weld will be deposited, the number 
of passes or beads used in the joint; the type of electrode used; and the 
machine setting for each pass in the weld was added in later symbols for 
closer control of the welding process. 

Fourth, each of the parts of substructures shown in this print are drawn 
up separately in the same simplicity, requiring a minimum of dimensions and 
requiring, for the most part, the very simplest line on the part of the drafts¬ 
man. No dimensions for fillets at every juncture or change of thickness of 
section are necessary and no indication of total thickness of section is required 
\ such as would be necessary in the case of a cast structure in order to allow 
the founder to calculate thickness of sections and plan his pattern and pouring 
procedures to place risers and chill sections in order to get sound castings. 
The simplicity of the prints which can be used in the arc welding method of 
fabrication are great savers of time and money in the engineering department 
as well as in the shop. 

Detail of W'elded. Transmission Case Cost—Table No. II presents a 
detailed account of the cost of the manufacture of the main transmission case 
structure of the original welded design, including all of the cost of manu¬ 
facturing it in the shop up through the normalised and cleaned condition 
which would be comparable to a clean steel casting, ready for machining. 
Table No. II does not include any of the machining costs which were 
involved in the manufacture of this transmission case although it may be 
observed by examining Fig. 24 that many of these parts have holes already 
f flame cut or punched in them which would correspond in general to the 
cored holes left in the steel castings. 

As shown in Table II, the total cost of fabricating by arc welding this 
main transmission case of the original design for arc welding was $194.63. 
The total weight of the structure was 1,097.4 pounds. 
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The cost compared to that of the cost of a similar structure manufactured 
by the steel casting method is of interest. 

Cost of Low Alloy, High Tensile Steel Casting—In the first place an 
examination of Fig. 24 indicates some problems to the steel foundry which 
probably could be solved only by some redesign of the case. Attention is 
called to the thinness of many of the sections of this structure and the fact 
that there are several closed spaces which would be very difficult to make and 
to inspect thoroughly by the steel casting method. An example of one of 
these is the thin section which holds the main bearing block for the axles 
on the case. Part No. B on that particular structure is made of special jf 

alloy plate. The small spacer, which holds the bearing block out from the 
main side of the case, is a piece of tubing with a section slightly over J/i'incli 
thick. The problem of producing as heavy a bearing block, (which it must 
be remembered must be of the special high tensile alloy steel if any part of 
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this case were cast as high tensile alloy steel) would be very difficult because 
of the change in thickness of sections from very thin to very thic . 

Granting that this and several other major difficulties in the production 
of this unit were overcome and the units were cast from a low alloy, nign 

tensile steel, such a structure could be made. The cost of such a casting 

has been computed as follows: , 

A. Based on a publication "Comprehensive Report of Price List ol 
Miscellaneous Castings for the Third Quarter of 1941, beginning Juy , 
1941”, published by the Steel Founders Society of America, 920 Midland 
Building, Cleveland, Ohio, the cost of the casting of this transmission case 
from a low alloy, high tensile structural steel casting, Class A, Grade , 
No. AT48-36, as specified by the A.S.T.M. would be $0,194 per pound m 
lots over 100. (See alloy price schedule shown in above cited publication 

opposite page 62). This price is based upon the price for steel castings 

quoted on page 58 for a tractor-transmission case—crawler type (which 
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Table II—Weight and Cost of Transmission Case H-2706 (Original 
for “Bolt-On” Tank and Fuel Structures, Arc Welded, 
Normalized and Cleaned, Ready to Machine). 


Part 


MAIN STRUCTURE._ 

A. Right bull gear housing 

(structure).— 

Bearing web (sub. str.)... 

Web plate.. 

Bearing block. 

Bearing block.. 

Bottom plate... 

Outer side plate and 

bearing (sub. str.)- 

Main plate. 

Upper bearing block. 

Bearing block support.... 
Outer axle bearing 

(sub. str.). 

Bearing block.. 

Spacer. 

B. Left bull gear housing 

structure. (Same parts 
as right bull gear hous¬ 
ing with left side set¬ 
ups. Parts shown 
under right bull gear 
housing shown under 





Labor 


Type 

Weight 

Mat. 

and 

Unit 

of 

Lbs. 

Cost 

Over 

Cost 

Material 



head 





77.397 

$77-397 




12.810 

12.810 




1.560 

1.560 

Alloy Plate 

115-6 

$4,393 

1-531 

5-924 

Alloy Plate 

5-1 

.194 

-342 

-536 

Alloy Plate 

6.7 

-255 

.342 

-597 

Alloy Plate 

29.5 

1.121 

.420 

1.541 




1.607 

1.607 

Alloy Plate 

115-6 

4.393 

1-531 

5.924 

Alloy Plate 

12.6 

.480 

-397 

.877 

Alloy Plate 

22.9 

.870 

.982 

1.852 




1.166 

1.166 

1020 Plate 

53-0 

1.484 

.647 

2.131 

Alloy Plate 

3.5 

.133 

.019 

.152 


A.).-. 

C. Case center bearing 

block (sub. str.). 

Bearing block. 

Center plate. 

D. Main bottom plate_ 

E. Main front plate.. 

F. Main rear plate. 

G. Right axle housing 

(Sub. structure). 

Web plate.. 

Side plate. 

Web plate. 

Bearing block. 

H. Left axle housing sub. 

str. (Like G. s except 

left side). 

J. Lower cap.. 

K. Drawbar top block. 

L. Case, bottom and draw¬ 
bar base (sub. str.). 

Bottom plate.. 

Lower drawbar block. 

Drawbar gusset.. 

Gusset (top center plate) 
Case top flange; 
front and rear... 

P. Inner plate top flange.... 

Q. Outer top flange. 

Weight of welds. 

Total Weight. 


1020 Plate 11.3 
Alloy Plate 74.3 

Alloy Plate 99. 8 

Alloy Plate 136.0 

Alloy Plate 133-3 


Alloy Plate 3.4 

Alloy Plate 4.8 

Alloy Plate 6.7 

Alloy Plate 12.6 


Alloy Plate 4.2 

Alloy Plate 9.4 


Alloy Plate 59.0 

Alloy Plate 4-8 

Alloy Plate 1.7 

Alloy Plate 3.3 

Alloy Bar 12.9 

Alloy Bax 3-6 

Alloy Bar 8.0 

Weld Metal 143-8 

.-.1,097-4 



12.810 

12.810 


.854 

.854 

.316 

.439 

.665 

2.823 

1.214 

4.074 

3-792 

1.629 

5.421 

5.168 

1.891 

7.059 

5-054 

1.220 

6.274 


1.128 

1.128 

.129 

.018 

.147 

.182 

.018 

.200 

.255 

.019 

.274 

.255 

.415 

.670 


1.128 

1.128 

.160 

.019 

.179 

.357 

.140 

.497 


1.720 

1.720 

2.242 

1.254 

3-496 

.182 

.014 

.196 

.065 

-317 

.382 

.125 

.019 

.164 

.490 

-057 

.547 

.137 

.019 

.156 

.304 

.018 

.322 


Total Cost... 


No. 

Used 


W elded 


..$194,631 
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entirely comparable to the wheel tractor transmission case because of the 
amount of power required to drive the unit) which is classed as an X'303 
casting, bearing the price in lots over 100 of $0,174 per pound. An addb 
tional 2 cents per pound are added for the alloy as quoted opposite page 62. 

Because of the thin sections in this particular transmission case, which 
are permissible because of the high tensile, low alloy steel used, the weight 
of such a case made as a steel casting is considered to be 107 per cent of the 
weight of the welded case. This allows for fillets, risers, and for an additional 
safety factor in reproducing the very thin sections which can be made by 
welding and which would be very difficult to make by casting. A cast case 
comparable to the welded one shown in Fig. 24, the weight and cost of 
which are shown in Table II, would weigh 1,836.7 pounds, and, purchased 
at the price of $0,194 per pound, would cost $356.62. 

This represents a cost of $161.99 more than the cost of the arc welded 
structure and indicates a percentage of cost saved by arc welding of 45.4 
per cent as well as 7 per cent in weight in the production of this transmission 
case. 

Frame and Fuel Tank Structures—The production of a combined fuel 
tank and frame structure which bolted on to the transmission case and 
which supported the motor and gear shifting transmission was a simple 
matter by arc welding. Fig. 25 shows the print of the right fuel tank and 
frame structure which was used in manufacturing this structure in the shop. 
The left tank differed from the right tank shown in Fig. 25 in that it had 
a fuel sump on the lower side from which the fuel line could draw the last 
few drops of fuel from that tank. The sump was made by welding a piece 
of rolled bar stock into a semicircle and two side plates which closed 
the arc of the semicircle to the bottom of the tank in which there had been 
a hole left to allow the fuel to drain into the pump. Otherwise they were 
made of the same parts, set up to make a right side and a left side structure. 

The thinness of the sections of these members should be observed, noting 
the fundamental economy of material in this particular structure. It is made 
as a box section from two plates bent at 90 degrees, arc welded together along 
the edges of the two resulting angles. They are only %(pinch thick, yet have 
the strength required to support the motor and to withstand the loads re' 
quired of it and also serve the purpose of oil tight fuel tanks. The spouts are 
made of a piece of round bar stock which was pre-machined before being 
welded into the tank structure. The rear bolt plate was made of mild steel for 
better machinability, since it was faced on the rear and bolt holes drilled in 
it in order to bolt the tank to the transmission case. A thin walled battery 
box structure was placed at the rear of the tank on the top side. Note also 
that the tank has two sets of baffle plates inside of it, made of J/g'inch mild 
plate. 

From the welding standpoint, this structure was very simple to make. 
The baffles were welded into one of the side plates as a substructure and 
then all of the rest of the plates were simply welded together, including 
the spout which had been pre^machined. Certain parts, labelled “H”, in 
Fig. 25 were small bolt lugs which were welded on after the structure was 
machined. Since the rear plate was mild steel and the front plate was thick 
enough so that the effect of welding would not interfere with its machining, 
this structure did not have to be normalised after welding. Each part of the 
tank could be inspected as it was manufactured, and after the welding and 
machining was completed and it was cleaned, it could be tested very readily 
to be sure it was “fuebtight” in all of its joints. 
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Table III —^Veight and Cost of Arc Welded Right Frame and Fuel Tank 
Structure H-447 (Welded, Cleaned, and Tested to Show Leak Proof). 


Part 

Type 

Weight 

Mat. 

Labor 

and 

Unit 

No. 

Total 

Material 

Lbs. 

Cost 

Over^ 

head 

Cost 

Used 

Cost 

main structure.. 




7.128 

$7,128 

11 

$7,128 

A. Side plate (sub. str.).. 

Alloy Plate 



.338 

.338 

1 

.338 

Side plate. 

79.0 

$3,002 

.661 

3.663 

1 

3.663 

Baffle strut.... 

1020 Sheet 

0.5 

.014 

.054 

.068 

2 

.136 


1020 Sheet 

2.0 

.056 

.122 

.178 

2 

.356 

B. Lower cap. 

Alloy Plate 

4.9 

.186 

.020 

.206 

1 

.206 

C. Front cap. 

Alloy Plate 

25-4 

.965 

.029 

.994 

1 

.994 

D. Filler neck. 

1020 Round 

3.6 

.100 

.254 

.354 

1 

• 354 

E. Battery box side.... 

1020 Plate 

10.9 

.305 

.101 

.406 

1 

.406 

G. Strap. 

Alloy Bar 

2.9 

.110 

.007 

.117 

1 

.117 

H. Lug. 

Alloy Bar 

.3 

.011 

.053 

.064 

2 

.128 

J. Battery box side... 

1020 Plate 

13.8 

.386 

.256 

.642 

1 

.642 

K. Rear bolt plate..... 

1020 Plate 

40.9 

1.145 

.018 

1.163 

1 

1.163 

L. Tank side. 

Alloy Plate 

73.0 

2.774 

.720 

3.494 

1 

3.494 

M. Step.. 

Weight of welds... 

1020 Round 
Weld Metal 

3.0 

6.4 

.084 

.085 

.169 

1 

.169 

Weight.. 

_ 

266.6 

Total Cost.. 



$19,294 


Table IV—Weight and Cost of Arc Welded Left Frame and Fuel Tank 
Structure H-428 (Welded, Cleaned, and Tested to Show Leak Proof). 



Type 

of 

Material 



Labor 




Part 

Weight 

Mat. 

and 

Unit 

No. 

Total 

Lbs. 

Cost 

Over' 

head 

Cost 

Used 

Cost 

MAIN STRUCTURE... 




7.469 

$7,469 


$7,469 

A. Side plate (sub. str.)... 




.338 

.338 


.338 

Side plate. 

Alloy Plate 

79.0 

$3,002 

.661 

3-663 


3-663 

Baffle strut... 

1020 Sheet 

0.5 

.014 

.054 

.068 


.136 


1020 Sheet 

2.0 

.056 

.122 

.178 


-356 

B. Lower cap. 

Alloy Plate 
Alloy Plate 

4.9 

.186 

.020 

.206 


.206 

C. Front cap.. 

25.4 

.965 

.029 

.994 


.994 

D. Filler neck. 

1020 Round 

3.6 

.100 

.254 

.354 


.354 

E. Battery box side. 

1020 Plate 

10.9 

.305 

.121 

.426 


.426 

G. Strap. 

Alloy bar 

2.9 

.110 

.007 

.117 


.117 

H. Lug.... 

Alloy Bar 

.3 

.011 

.053 

.064 


.128 

J. Battery box side. 

1020 Plate 

13.8 

.386 

.229 

.615 


.615 

K. Rear bolt plate.. 

1020 Plate 

40.9 

1.145 

.018 

1.163 


1.163 

L. Tank side. 

Alloy Plate 
1020 Round 

73.0 

2.774 

.720 

3.494 


3.494 

M. Step.. 

3.0 

.084 

.085 

.169 


.169 

N. Fuel sump (sub. str.).. 


1.739 

1.739 


1.739 

Bottom plate.. 

Alloy Plate 

12.4 

.471 

.031 

.502 


.502 

Side plate.... 

Alloy Plate 

4.6 

.175 

.366 

.541 


1.082 

Weight of welds........ 

Weld Metal 

7.5 






Weight... 


284.7 

Total Cost.. 



$22,951 
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Tables III and IV show the details of the cost of manufacturing the right 
and left fuel tank structures by arc welding, giving the weight and the cost 
of each structure, completed, through welding, cleaning and testing to show 
that they are leak proof. 

Consultation with several experienced steel foundry men has indicated 
that the manufacture of the right and left fuel tank structures, shown in Fig. 
25, by the steel casting method using low alloy, high tensile steel, exactly like 
the arc welded structure would be completely impossible. The thinness of 
the sections of the walls and the placing of J/g-inch baffles inside of them; 
and the use of mild steel spouts, a mild steel bolt plate on the rear, and a mild 
steel battery box structure on the top of the tank would be completely im¬ 
possible by the steel casting method. 

Assuming however for the sake of a comparative cost on a very conserva¬ 
tive basis that these units could possibly, by leaving out the baffles or by 
making them heavier, be made by the steel casting method of low alloy, high 
tensile steel, the cost of such structures could be computed as follows: Refer¬ 
ring to the “Comprehensive Report of Price List of Miscellaneous Castings”, 
published by the Steel Founders Society of America for 1941, page 46, listed 
as item No. 7213, Class D-6, “Contractors Wagon, crawler or wheel type 
chassis or rocker beam (box type) ”, a comparable box structure is described 
as a Class D-6 casting, which could be purchased in lots of over 100 in the 
weight range of these fuel tanks at $0,115 per pound. Adding to this $0,115 
per pound the 2 cents per pound alloy in order to convert it to the low 
alloy, high tensile strength material, plus a 10 per cent additional cost, equal 
to 1.3 cents per pound, for a pressure test to determine that it is leak proof, 
the total price of such box sections in the cast form would be $0,148 per 
pound. 

Again assuming that the weight of casting is 107 per cent that of the 
welded structure, the right fuel tank would weigh 284.5 pounds at 14.8 
cents per pound. This would amount to a cost of $42.11 as a steel casting. 
Likewise, the left fuel tank would weigh 307.6 pounds, purchased at 14.8 
cents per pound, totalling $45.52. These costs as cast represent a cost of 
$22.82 more for the cast structure than the welded structure on a right 
fuel tank frame or a saving by arc welding of 54.2 per cent over the cast 
production; and $22.57 more for the cast left fuel tank and frame structure, 
which represents a 49.6 per cent saving by arc welding the structure. It 
should be borne in mind too, that the cast structures would not be exactly 
the same design, since the baffles would have to be different and the walls 
probably thicker. 

Belly Guard and Bumper Structure —The belly guard and bumper 
structure which bolted on to the front of the right and left fuel tank and 
also bolted (by use of an accessory strip) to the bottom of the right and left 
fuel tank and frame structures is shown in Fig. 26. A line drawing of the 
same structure is shown in Fig. 5. 

This structure is another example of the simplicity of design which 
makes use of plates, angles and channels and bar stock, cut to size, bent 
and shaped to suit the designer’s needs and simply welded together. The 
function of this structure was to protect the under part of the motor and to 
offer a bumper guard for the front end of the tractor. It was made from low 
alloy, high tensile steel. The parts which were machined, were all cut of 
bar stock. and pre-machined before welding them together. This allowed 
for a minimum of handling and machine setting-up in the manufacture of 
the parts. 
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Table V shows the cost of this belly guard and bumper structure as 
fabricated and cleaned but without the machining cost. It weighed 249.4 
pounds and cost $17.30. The cost of the individual parts and substructures 
in the structure are shown in Table V. 


Table V—•'Weight and Cost of Arc 'Welded Belly Guard and Bumper 
Structure H-5575 (Welded Complete and Cleaned). 


Part 

Type 

of 

Material 

Weight 

Lbs. 

Mat. 

Cost 

Labor 

and 

Over- 

head 

Unit 

Cost 

No. 

Used 

Total 

Cost 

MAIN STRUCTURE 


I 


2.759 

$2,759 

1 

$ 2,759 

2.209 

A. Rvimpp.r (sub. str.) . _ 




2.209 

2.209 

1 

Channel. 

Alloy Chan. 
Alloy Plate 
Alloy Ang’s 
Alloy Ang’s 
Alloy Plate 
Alloy Plate 
Alloy Plate 
Weld Metal 

59.9 1 

$2,275 

.598 

2.873 

1 

2.873 

.500 

Bolt plate. 

3-2 ' 

.122 

.128 

.250 

2 

Left beam. 

24.1 

.916 

.714 

1.630 

1 

1.630 

Right hpam 

24.1 

.916 

.714 

1.630 

1 

1.630 

5.251 

B. Belly plate . 

117-4 

4.446 

.805 

5-251 

1 

C. Right gusset_ -. 

4.8 

.182 

.044 

.226 

1 

.226 

D. Left gusset....... 

4.8 

.182 

.044 

.226 

1 

.226 

Total of weight of welds 

11.1 






Weight.... 249.4 Total Cost. $17-304 


With some redesigning this belly guard and bumper structure could be 
produced as a steel casting. It is likely that the thin section of the bottom, 
which, in the welded structure is J/ 4 'inch thick plate, would be difficult to 
hold to a uniform thickness, in casting. The box sections which support the 
channel of the bumper would probably be converted to a channel structure 
in the redesign for casting. Assuming, however, that the casting could be 
made comparable to the welded structure on the basis that the casting 
would weigh 107 per cent of the weight of the arc welded structure due to 
probable thickening of thin sections, and fillets and risers, the cost could 
be computed for the cast structure as follows: Consulting the “Comprehem 
sive Report of Price List of Miscellaneous Castings”, published by the Steel 
Founders Society of America for 1941, the item listed as D'5, “tractor 
(crawler type) rock guard”, could be considered comparable to this belly 
guard and bumper structure. The fact that this structure is for a wheel 


Table VI—Summary of Analysis of Costs; Arc Welded Compared to Cast 
Steel; of Completed Structures, Cleaned, Tested and Ready to Machine 


Structure 

Cost 

Arc Welded 

Cost 

Cast Steel 

Saved by 
Arc Welding 

Percentage 
Saved by 
Welding 

Transmission case.. 

$194.63 

$356.62 

$161.99 

45.4 

Left fuel tank and frame. 

22.95 

45.52 

22.57 

49.6 

Right fuel tank and frame.. 

19.29 

42.11 

22.82 

54.2 

Belly guard and bumper. 

17.30 

37.03 

19.73 

53.3 

Total.. 

$ 254.17 

i $481.28 

$227.11 

50.6 
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type tractor with, power comparable to a crawler type tractor would make 
sufficiently comparable to use the D-5 classification. In lots over 100 within 
the weight limit of this bumper and belly guard structure, the cost is 11.7 
cents per pound, to which must be added the 2 cents per pound special 
charge for the alloy making a total of 13.7 cents per pound. The casting 
would weigh 270. 3 pounds, and at 13.7 cents per pound would cost $37.03. 

Compared to the cost of the arc welded structure there is a saving of 
$19.73, which would represent 5 3.3 per cent saving in favor of arc welding. 
The welded structure would also weigh 7 per cent less. 



Fig. 27. Th© improved design resulting from modification of original model. 


Cost of Four Main Structures Compared—A summary of the compared 
costs of the arc welded transmission case, fuel tank and frame structures, 
and belly guard and bumper structure comparing them to the comparable 
cast steel structures, is shown in Table IV, which indicates that there is an 
average saving over the cast steel type of construction by welding of 47.2 
per cent on these four main structures. This is on the basis of completely 
welded structures cleaned, and normalised (if necessary—as indicated for 
the gear case). This is a very significant statement of the economy of arc 
welding such structures over any other economical practical method of 
making such structures. 

Cost of Assemblies Compared—While the saving of 50.6 per cent shown 
in Table VI, in the manufacture of these structures by arc welding over the, 
steel casting cost is very significant, it is well to examine the comparative cost 
of the two completed frame assemblies, in order to get a comparative evalua- 
tion on a thoroughly practical basis, that of the finished assembly ready for 
use. This gives a comparison of cost of functional design which includes 
machining cost directly associated with that particular design and the cost of 
certain purchased parts and accessories and the labor of assembling. All of 
these costs are very important in the manufacture of a machine and should 
be included in a comparison of this kind. 

Table VII is therefore shown to give the total cost of the unmachined 
parts which were manufactured in the plant by arc welding, plus the cost 
of the purchased parts used in the assembly. 
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Table VII—Cost of Unmachined Transmission Case, “Bolt On” Tanks, and 
Bumper Assembly, Plus Purchased Parts 


Weight of Unit No. Total 

Total Used Cost Used Cost 


C-1677 Capscrew.... A $0,014 4 $0,056 

H-738 Copper washer_ -009 4 .036 

*Final drive case. 1,716.5 194.631 1 194.631 

Gasket.... .1 0.95 2. 1.900 

C—1678 Capscrew. 5-1 0.017 44 0.748 

H-738 Copper washer. .4 0.009 44 0.396 

Left fuel tank_ 287.5 22.951 1 22.951 

Motor Hanger. 20.8 1.614 1 1.614 

0-1540 Lock washer.. .1 0.004 4 0.016 

01524 Nut... .1 0.013 4 0.052 

01685 Bolt. .3 0.022 4 0.088 

Zerk fitting. 0.098 1 0.098 

Tank cap. 2.2 1-305 2 2.610 

Tank drain plug 

(H-6881—not on print)... .1 0.047 0.094 

Case drain plug 

(D-1423—not on print)... .2 0.052 0.156 

Right fuel tank. 265.9 19.294 19.294 

Fuel strainer... .1 0.850 1.700 

Bumper.. 252.6 17.304 17-304 

Filler block. 12.8 0.345 .690 

C-5762 Capscrew. 0.023 0.092 

D-2779 Lockwasher. 0.005 0.040 

D—5639 Allenhead screw.... .6 0.093 0.372 

01613 Capscrew. .9 0.014 0.112 

1540 Lockwasher_ 0.002 0.016 

Filler Strip... 9.4 0.290 .580 

Weight... 2,576.9 Total Cost. $265,646 


Since the machining of the bearing seats, bolt holes and other parts of 
the main transmission case, except for the facing off and drilling and tap¬ 
ping of the holes for the fuel tanks, would be quite comparable for weldings 
or castings; and since the cost of machining the case (with the exception 
above mentioned) does not have a direct bearing upon the cost of the other 
structures involved in the design, the major machining of the case has been 
omitted from this study. The difference in the cost of machining the struc¬ 
tures as cast or welded is itemized in Table VIII, which shows the cost of 
machining the structures made from cast steel and those made by arc welding, 
itemized showing the cost of machining each which had to be machined. 
Notes explaining the difference in machining costs for the cast structures 
compared to the same structures made by arc welding, accompany Table VIII. 

The fact that many parts in arc welded structures may be machined as 
parts and then welded into the structures in order to avoid the handling 
of heavy structures and more difficult machining set up to accomplish the 
same purpose; and the fact that rolled steel as purchased and welded is 
sufficiently flat to allow the seating of a capscrew with the lock washer 
underneath it without additional machining; whereas the castings must be 
spot-faced, allows a saving of $6.13 in the machining of the welded structures 
over the machining of the cast structures. This represents a difference of 
10.9 per cent in the machining cost as listed for this study. 

The completion of the itemized comparison to include the main structures 
(welded or cast), the purchased parts and accessories, the respective machin- 
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Table VIII Difference in Labor and Overhead Cost of Machining Cast Steel 
Gear Case (For Frame Bolt Base Only) Frame and Fuel Tanks, and 
Belly Guard and Bumper Structures; and Machining the Same 
Structures of Welded Design 


Cost Arc Welded 


Structure 

Cost* p 

Cast Steel Mac h e ined 
Part 

Machined 

as 

Structure 

No. Total 

Used Cost 

Gear case (for tank seating and 
bolting on only)... 

$11,567 


$11,567 

$11-567 

Left fuel tank. 

Left fuel tank spout... 

3 9.759 

0.520 

16.946 

16.946 

0.520 

Right fuel tank. 

Right fuel tank spout.. 

19.159 

0.520 

16.346 

16.346 

0.520 

Motor hanger. 

1.010 

1.010 


1.010 

Bumper and belly guard.. 

Bumper bolt blocks . 

Bumper belly plate. 

Bumper filler block. 

Bumper strips. 

L988 

.3 66 
.624 
.496 
.548 


.000 

.732 

.624 

.992 

1.096 

Total. 

$56,483 



$50,353 




Difference in favor o 
Percentage difference 

f Arc Welded design. 

in favor of Arc Welded design 

.$6.13 

. 10.9% 


Note: Extra cost of machining cast steel structures is due to following items; 

A. Tank and frame bolt holes must be spot'faced for capscrews and where rolled 
steel plate surfaces are square enough as welded. Motor hanger brackets of 
cast design must be milled square. 

B. Tank spouts cannot be pre-fabricated. So must be drilled, bored, tapped in 
cast tank, frame structures. 

C. Bolt plate surfaces of bumper must be milled square to fit tank and frame ends 
idre-arilled bar stock was used in welded structures. 

D. Capscrews and bolt holes of bumper must be sporifaced on cast structures. 


Table IX—Difference in Cost of Gear Case, Gas Tank and Frame, Bumper, 
and Accessories, Assembled into Complete Tractor Chasis Frame 
(Not Including Machining Cost of Main Transmission 
Case Except for Gas Tank Bolt Bases) Using 
Cast Steel Structures and Using Arc 
Welded Structures 


Item 

Cost 

Arc Welded 

Cost 

Cast Steel 

Saved by 
Arc Welding 

Percentage 
Saved by 
Arc Welding 

Major structures 





(Unmachined but cleaned) 

$254.17 

$481.28 

$227.11 


Machining of case for frame base, 

47-2 

gas tanks, bumper, belly guard, 
engine hanger brackets. 

50.35 

11.48 

56.48 

11.48 

6.13 

, 10.9 

Purchased parts and accessories.. 

Assembly. 

11.04 

11.04 



Total 

$327.04 

$560.28 

$233-24 

41.6 
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Fig. 28. Print for setting-up for welding the improved model transmission case. 


ing costs , and the assembly cost is shown in Table IX. This indicates that in 
the assembled frames, except with the bumper bolted on, including the main 
gear case, the fuel tank and frame structures, and the belly guard-and-bumper 
structure; a total of $233.24 were saved by using the arc welded structures 
instead of using steel castings. This represents a total of 41.6 per cent differ¬ 
ence in favor of the arc welding method of fabrication. 

The Second Source of Economy —Before the end of 1940, when 50 or 
60 of the original arc welded design of this wheel tractor had been placed 
in the field, were operating successfully, and receiving a high degree of favor, 
the second step in developing the most efficient and economical unit was 
undertaken. 'This step was the one of refining and improving the original 
arc welded design. 

Although the 41.6 per cent economy over the cast method was significant 
there were certain improvements which suggested themselves in the manu¬ 
facture of the original arc welded model; and there were other departures, 
which if they could be accomplished by the use of the arc welding, would 
result in considerable saving and an improved unit in the field. 



SECTION IX—MACHINERY 


1057 




Chief among these was the possibility of arc welding the fuel tanks and 
frame structures to the main transmission case after the main transmission 
case had been machined. This would eliminate the cost of the machining 
on the main case for the fuel tank bases and capscrews, as well as eliminate 
some material on the tanks and the machining of the tank for seating and 
drilling the holes for the capscrews. 

Naturally, the embarking upon such an ambitious departure from ordi¬ 
nary design involved the question of whether the distortion caused by arc 
welding the fuel tank and frame structures to the case after it had been' 
machined would distort the case so that the machined parts would not be 
in proper alignment. 

Another change which suggested itself in the experience of manufactur¬ 
ing the original welded model was the possibility of combining the major 
portion of the belly guard structure with the fuel tank structure if it were 
possible to weld the fuel tank structure to the main case successfully. 

This would allow the installation on the lower front part of the combined 
fuel tank and belly guard structure of a pull-hook which, according to 
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experience in the field had been found to be desirable. Since these units are 
pushed from behind to load them it occasionally was more satisfactory to 
hook a pulling unit on in front and “snatch-load” them instead of push 
loading them. 

An additional improvement suggested by field operation was that a 
few more gallons of fuel tank capacity would be helpful. The capacity 
of the two tanks combined on the original welded units was 51 gallons. 
Again practice in the field indicated that it might be helpful in operation if 
a full barrel, amounting to about 53 to 55 gallons could be dumped into the 
combined fuel tanks of the unit and still have from 5 to 10 additional gallons 
of capacity so that the unit would run for a while after the barrel-full was 
used. This would enable the contractor to dump full barrels of fuel into the 
unit, thereby cutting fuel handling costs in the field. 

In addition there had been several possible improvements and economies 
in the actual manufacture of the structures within the plant which were 
visualized as being desirable. 

The result of these suggested changes which grew out of the experience 
of manufacturing the original welded unit and trying it out in the field was 
the design, late in 1940, of the unit shown in Fig. 27. It was found that 
the welding on of the tank structures to the transmission case after machining 
was entirely satisfactory from the standpoint of maintaining alignment of 
the machine bores and bearing surfaces in the transmission case. A minor 
hand-reaming operation after welding eliminated whatever slight distortion 
was caused by the welding. This is included in the following cost discussions. 
The other improvements discussed above were accomplished and will be 
explained in the description of the individual structures together with the 
cost of their production by the arc welding method as shown in the following 
tables and illustrations. 

Cost of Improved Welded Design—The changing of the transmission case 
was a comparatively minor redesign. The improved case is shown in Fig. 28 
(a reduced print of the shop drawing for the case) and upon comparison with 
Fig. 24, (the original model) they will be found to be very much the same. 
The different type of hitch socket was placed on the bottom of the case in 
order to facilitate attaching the lower drawbar structure and to make it more 
substantial. The change in weight and workmanship brought about by this 
redesign left them quantitatively about the same. 

The main improvement was the substituting of one deeply drawn, em¬ 
bossed plate on the outer side to support the main axle bearing block rather 
than fabricating a lighter support base welded to a heavier, inner side wall 
main plate as in the original design. This change eliminated several pounds 
of weight (and its attended cost of material) and markedly reduced the 
amount of welding in the case. It also considerably improved the streamlined 
appearance of the case structure. Another change which was made in the 
case was the use of lighter bearing blocks and the use of mild steel bearing 
blocks in one or two other places bringing the total percentage of mild steel 
involved in the case to 16.5 per cent as opposed to 7.4 per cent in the old 
case. Since the total weight of the improved model case was less than that of 
the original model, the use of mild steel in greater proportion—maintaining 
the same functional strength and weight, represented a saving of material 
cost since mild steel costs 1 cent per pound less than the alloy steel. 

Table X shows the itemized cost of the redesigned main transmission 
case to be $177.84 with a weight of 1660.8 pounds, compared to the original 
model (welded) costing $194.63 and weighing 1,716.5 pounds. 
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Table X—Cost of Arc Welded Transmission Case (Redesigned) A- 1945 , 
Welded Complete, Normalized, and Cleaned; Ready to Machine 


Part 


MAIN STRUCTURE. 

A Main bull gear housing 

structure. 

Outer axle bearing and 

end plates (sub. str.). 

Outer side plate. 

Pinion bearing block. 

Axle bearing block._ 

Bottom housing plate. 

Inner housing plate 

substructure..... 

Pinion bearing block 

(outer).. 

Pinion bearing block 

(inner).. 

Inner web plate.«... 

Top flange bar. 

C. Case L. center plate 

(sub. str.)... 

Case center plate. 

Ring gear bearing block 

D. Case bottom plate.«... 

E. Case front plate. 

F. Case rear plate. 

G. Right axle housing 

(sub. str.). 

Housing end plate. 

Housing side plate. 

Inner axle bearing block.. 
Housing bottom plate....! 
Housing bottom plate... I 
Housing side plate. 

H. Right support for draw^ 

bar hitch clevis.... 

J. Drawbar hitch.. 

K. Left support for drawbar 

hitch clevis. 

L. Gusset. 

M. Hitch support gusset. 

N. Front and rear case top 

flange. 

O. Case top side flanges. 

P. Case facing blocks. 

Q. Axle box gusset. 

R. Left axle housing (sub. 

str.) like G.» right axle 
housing except left 
side set'up total for G.... 

S. Case R. center plate 

(sub. str.)... 

Case center plate.. 

Ring gear bearing block.. 
Weight of welds. 


Type 

of 

Material 


Alloy Plate 
1020 Plate 
1020 Plate 
Alloy Plate 


1020 Plate 

1020 Plate 
Alloy Plate 
Alloy Plate 


Alloy Plate 
1020 Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 


1020 Plate 
Alloy Plate 
1020 Plate 
Alloy Plate 
Alloy Plate 
Alloy Plate 

1020 Plate 
Alloy Bar 

1020 Plate 
Alloy Plate 
1020 Plate 

Alloy Bar 
Alloy Bar 
Alloy Plate 
Alloy Plate 


Alloy Plate 
1020 Plate 
Weld Metal 


Weight 

Lbs. 

Mat. 

Cost 

Labor 

and 

Over¬ 

head 

Unit 

Cost 

No. 

Used 

Total 

Cost 



$70,085 

$70,085 

1 

$70,085 



jf.O/U 

1.819 

y.o/u 

1.819 

L 

2 

19.740 

3.638 

155.8 

$5,920 

1.826 

7.746 

2 

15-492 

9.5 

.266 

.335 

.601 

2 

1.202 

44.8 

1.254 

.256 

1 . 51 a 

2 

3-020 

28.3 

1.075 

.378 

1.453 

2 

2.906 



1.354 

1-354 

2 

2.708 

6.7 

.188 

.196 

.584 

2 

1.168 

5.4 

.151 

.402 

•552 

2 

1.104 

113.8 

4.324 

.989 

5.313 

2 

10.616 

3.6 

.137 

.015 

.152 

2 

.304 



.761 

.761 

1 

.761 

71.5 

2.717 

1.183 

3.900 

1 

3.900 

10.4 

.291 

.394 

.685 

1 

.685 

94.8 

3.602 

1.348 

4.950 

1 

4.950 

132.2 

5.024 

1.617 

6.641 

1 

6.641 

134.0 

5.092 

.976 

6.068 

1 

6.068 



2.068 

2.068 

1 

2.068 

5.4 

.151 

.055 

.205 

2 

.410 

1 6.7 

.255 

! .031 

.281 

2 

.562 

21.9 

.613 

.531 

1.144 

2 

2.288 

4.4 

.167 

.055 

.222 

2 

1 .444 

2.0 

.076 

.055 

.131 

2 

.262 

6.8 

.258 

.037 

.295 

2 

.590 

28.5 

.798 

.261 

1.059 

1 

1.059 

52.1 

1.980 

.622 

2.602 

1 

2,602 

28.5 

.798 

.261 

1.059 

1 

1.059 

3.2 

.122 

.018 

.140 

4 

.560 

5.5 

.154 

.196 

.350 

2 

.700 

13.5 

.513 

.050 

.563 

2 

1.126 

7.3 

.277 

.133 

.410 

2 

.820 

.6 

.023 

.006 

.029 

4 

.116 

1.9 

.072 

.135 

.207 

4 

.828 



2.008 

2.008 

1 

2.008 



.761 

.761 

1 

.761 

71.5 

' 2.717" 

1.183 

3.900 

1 

3.900 

10.4 
130.3 . 

.291 

.394 

.685 

1 

.685 








1,211.3 Total Cost. .$177,836 


Weight. 
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The redesign brought about a noticeable reduction in weight, approxi¬ 
mately 100 lbs., and a noticeable reduction in total cost, of approximately 
$13.00. 

The processing of this case after fabrication was entirely comparable 
to that of the first case with the exception, of course, of the fact that it 
was not faced on the rear side and prepared for bolting, since the fuel tank 
structures were welded to it instead of being bolted on. 

Design and Cost of the Fuel Tank and Frame Structure—When it was 
demonstrated that the fuel tank structures could be welded to the transmis¬ 
sion case satisfactory, the two fuel tanks-and-frame structures were rede¬ 
signed, each to be taken out of one single plate % 6 -inch in thickness, bent 
twice in the form of a “U”-shaped portion of a box and placed upon a 
main bottom plate which incorporated a part of the function of the belly 
guard in the original design. This change gave more protection to the lower 
part of the motor, positively and rigidly spaced the fuel tank and frame 
structure apart and kept them in alignment and welded solidly to the bottom 
of the main transmission case. 

The new fuel tank and frame design, a working blueprint of which is 
reproduced (in reduced sue) in Fig. 29, embodied also a pull hook with a 
channel reinforcement on the back side of the main bottom plate of the tank 
structure and a gusset to the hook which allowed for “snatch-loading.” 
Actually the addition of this pull hook with its reinforcements added 70 
pounds to the total weight, representing a 70 pound additional feature in 
the design which had not been incorporated in the original model. The 
channel between the fuel and frame boxes increased the rigidity of the whole 
frame as well as reinforcing the pull hook. 

Other refinements are apparent in the improved step bracket used in 
mounting the tractor made from % 6 -inch plate .instead of Y 2 'in ch round. 
Further, by punching holes in the main bottom plate (toward the center 
of the plate from the bottom of the fuel tank) and welding small, pre¬ 
machined bolt lugs on it, an oil pan guard plate which extended the whole 
length of the exposed motor could be bolted (with capscrews) on the bottom 
of the structure. This made a solid and uniform steel bottom for the whole 
wheel tractor frame, which fulfilled the function of the belly guard on the 
original model. Pieces of bar stock were cut, bent, and welded on the front 
of the fuel tanks to take the place of the bolt plates on the ends of the 
original model’s fuel tanks, so that a very simple bent channel could be 
bolted to them and form the bumper. These two elements of redesign 
eliminated the use of the heavier, more expensive and more d iffi cult-to- 
assemble belly guard and bumper structure, and replaced it with simple 
structures which will be shown and described. 

Pre-machined spouts were used in this structure in the same way that 
they were in the original; and bafile plates were welded in, (three per tank 
instead of two) during the fabrication of the structure. 

Only a very thin plate was used at the rear end of the tanks, largely 
to hold them in shape and to insure fuel-tightness. These replaced the bolt 
plate on the original model’s fuel tanks. 

This structure has the advantage of combining the principal functions 
of these structures in the original model into one; making it one uniform, 
rigid, solid, single structure which, after fabrication and cleaning can be 
welded on to the completely machined transmission case rather than being 
bolted on in the assembly line. 




Fier. 29. domhia&f! fu»l fa»k rasti Imma stnjfitisra 
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Fig. 30. Lower side of improved model fuel tank and frame structure. 


The effectiveness of the use of a single plate for the bottom of the tanks, 
part of the belly guard and as a stiffener for the whole frame structure is 
shown in Fig. 30. This shows the appearance of the bottom of the frame 
assembly without the bumper or without the oil pan. Now compare it to 
the bottom view of the original design without the bumper and belly guard 
structure, such as shown in Fig. 31. The more rigid, better protected, and 
improved streamlining, plus the pulbhook feature of the new design is 
very apparent when compared to the original welded design. 

The cost of fabricating the tank and bottom structure which took the 
place of the right and left gas tanks in the original design is shown in Table 
XI. This includes the finished structure, cleaned, and tested for oil tightness. 



Fig. 31. Lower side of fuel tank and frame structures with motor assembled. 
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Table XI—Tank and Bottom Structure H-5674-26 as a Completed Welded 
Structure, Cleaned and Tested for Oil-Tightness 


Part 


main structure 

a. Left fuel tank (auk str.). 

Main plate... 

Baffle plate. 

End plate. 

Spout.-. 

B. Right fuel tank (.sub. 

str.). -- ■ 

Muir. pR'-e. . . 

Baffle plate.. 

End plate. 

Spout. 

C. Equalizer pipe (sub. str.) 

Anchor block. . 

Pipe. 

D. Pull hook (sub. str.). 

Hook... 

Base Plate. 

Gusset. 

E. Bottom plate. 

F. Pan screw lugs.. 

G. Hook base channel. 

H. Bumper bolt plate. 

I. Stirrup. 

J. Bolt lug. 

Weight of welds. 

Weight.. 


Type 

ot 

Material 


Alloy Plate 
1020 Sheet 
.1020 Plate 
J020 Round 


Alloy Plate 
1020 Sheet 
1020 Plate 
1020 Plate 

1020 Bar 
Sid. Pipe 

Alloy Round 
Alloy Plate 
Alloy Plate 
Alloy Plate 
Alloy Bar 
Alloy Ship 
Channel 
Alloy Plate 
1020 Plate 
Alloy Bar 
Weld Metal 


Weight 

Mat. 

Lbs. 

Cost 

151.1 

$5,742 

2.6 

.073 

6.5 

.182 

3.6 

.100 

151.1 

5.742 

2.6 

.073 

6.5 

.182 

3.6 

.100 

-3 

.008 

4.1 

.164 

12.0 

.456 

9.0 

.342 

1.6 

.061 

253.6 

9.637 

• 3 

.011 

46.6 

1.771 

8.2 

.312 

5.4 

.151 

.1 

20.3 

.004 

.. 6S9.1 

Total 


Labor 

and Unit 

Over- Cost 
head 

$15,405 $15-405 

1.820 1.820 

1.515 7-257 

.024 .097 

.045 .227 

.254 .354 

1.748 1.748 

1.515 7.257 

.024 .097 

.045 .227 

.254 .354 

.767 .767 

.018 .026 

.053 .217 

.738 .738 

.566 1.022 

.054 .396 

.123 .184 

1.553 11-190 

.013 .024 

.073 1-844 

.200 .512 

.086 .237 

.114 .118 


Cost.. 


No. Total 
Used Cost 


$15,405 

1.820 

7.257 

.194 

.227 

.354 

1.748 

7.257 

.194 

.227 

.354 

.767 

.054 

.217 

.738 

1.022 

.396 

.184 

11.190 

.168 

1.844 

1.024 

.474 

.118 


$53-233 


Welding the Fuel Tank and Frame Structure to Main Transmission Case 
—-After the fabrication of the fuel tank, frame, and bottom structure, the 
next step towards the completion of the wheel tractor frame assembly was 
the welding of the tank and bottom structure to the machined transmission 
case. 

A working drawing including the part numbers, the structures, dimen^ 
sions, and the welding control for the welding of this case to the tank and 
frame structure are shown in Fig. 32. 

One thing which is apparent on examination of this print is that several 
bolt lugs and motor hangar lugs were added to this case and tank structure 
at this stage of its manufacture which were not incorporated in the original 
frame and tank structures. These additional hangars give additional freedom 
and more solid construction in the assembly of the motor and accessories on 
the finally assembled tractor frame. 

Following the elements of good welding procedure and successful welding 
technique, a fixture is used to position and align the case with the tank and 
bottom structure. This fixture is shown in operation in Fig. 33. 

It not only aligns the case with the fuel tank and frame, but also has 
aligning and positioning elements on it for the location of the motor hangar 
brackets and the battery boxes. All of the welding on this structure is done 
while the parts are in the fixture and may be positioned for the most favo rab le 
welding position within the limits of the main structures themselves. The 
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Fig, 32. Shop print for welding fuel tank and frame structure to the transmission case. 

fixture turns on one axis only, since the overall length of the case and frame 
unit is 10 feet. 

After welding, these completed frames are removed from the fixtures, 
"he welds are cleaned and painted over and the completed transmission case 
md frameTuehtank assembly are placed on small carts and immediately 
mter the assembly line shown in Fig. 34. 

These structures made ideal fixtures as the basis for the complete assembly 
if the finished tractor units, and lend themselves ideally to such line assembly 
processes. The same could be said to a certain degree of the original “bolt 
m tank and frame” design, but less handling is required on the assembly line 
and less actual assembly work involved with the new model. 











Fig. 33. Fixture allows aligning and positioning case positively and accurately. 

Two gaskets,^ 44 capscrews, and 44 copper washers were eliminated as 
purchased material in this change; plus the bolt plates on the rear of the 
original model tank ends of the fuel tank and the surface of the case; plus 
drilling and tapping of the case and drilling of the fuel tank bolt plates were 
eliminated; and a simple welding procedure was substituted in the new design. 

The cost of the accessory parts involved in the main structures and the 
welding of the case and tank structure into a unified assembly is shown in 
Table XII. 

Bumper Structure and Oil Pan Guard in New Design—To complete the 
description of the improved design after the welding of the case and fuel 


Fig. 34. Assembly line for welded frame. 
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Table XII—Cost of Arc Welding Case and Tank Structure, R-2042 to 
Completed Welding, Including Cleaning 



Type 



Labor 



! 

Part 

Weight 

Mat. 

and 

Unit 

No. 

Total 

of 

Lbs. 

Cost 

Over- 

Cost 

Used 

Cost 


Material 


head 



M A tn ftp t irrn m f. 




19.218 

$19,218 

1 

$19,218 

A. Gear case structure 





(A'1945 after machine 
ing cost here quoted is 




■ 




for A-1945, previously 


1,660.8 


177.836 

; 


1 

177.836 

B. Tank and bottom struc. 







710.0 


53-233 

53.233 

1 

53.233 

O, Rnlt / hlnrk 1 

Alloy Bar 
Alloy Bar 

.3 

$0,011 

.404 

.415 

4 

1.660 

D. Rear motor mount lug.... 

7.7 

.293 

.101 

.394 

2 

.788 

E. Front motor mount lug.. 
G. Clutch throwout shaft 

Alloy Bar 

2.7 1 

.103 

.044 

.147 

1 

.147 

bearing block. 

1020 Round 

2.8 

.080 

.212 

.292 

2 

.584 

I. Brake lug (sub. str.).. 



.150 

.150 

2 

.300 

Base block. 

Alloy Bar 
Alloy Bar 

.8 

.030 

.206 

.236 

2 

1 .472 

Side lugs. 

• 3 

.011 

.178 

.189 

4 

-756 

J. Bolt lugs 

Alloy Bar 
Alloy Plate 

.6 

.022 

i .043 

.067 

2 

1 .134 

K. Motor support.„. 

5.1 

.194 

.221 

.415 

1 

1 .415 

L. Left side (outer) of 





battery box. 

1020 Plate 

16.4 

.459 

.160 

.619 

1 

.619 

M. Left inner side of 







battery box. 

1020 Plate 

11.9 

.333 

.085 

.418 

1 

.418 

N. Right inner box of 




battery box . _ 

1020 Plate 

11.9 

.333 

.061 

.394 

1 

.394 

O. Right outer side of 



battery box. 

1020 Plate 

16.4 

.459 

.160 

.619 

1 

.619 

P. Engine hanger filler 





block. 

Alloy Bar 
Weld Metal 

3-4 

.129 

.034 

.163 

2 

.326 

Weight of welds.. 

14.0 



Weight..2465.1 Total Cost.$257,919 


tankTrame structure together, the bumper structure shown in Fig. 35 and 
the oil pan guard shown in Fig. 36 must be considered. The bumper structure 
actually uses less channel than the original model’s bumper did, and requires 
only cutting, bending, punching for the holes, and the welding on of two 
small end caps which are cut from special tubing to complete the structure. 
This bumper is fastened by four bolts to the end of the fuel tanks and com' 
pletely takes the place of the somewhat more complicated bumper structure 
of the original design. The oil pan guard consists of a single plate, sheared 
to sise and bent, with eight small bolt holes punched in it and two larger 
holes punched or flame cut in them, and a small notch is cut from one side 
to allow a necessary clearance. This gives better protection to the oil pan 
and motor than the original model’s belly guard, and can be removed 
easily in the field by removing the eight capscrews which fasten it to the 
main frame bottom plate. 

The cost of fabricating the bumper structure and the oil pan guard are 
shown in Table XIII and will be added together in a summary of costs in 
a later table for comparison with the original design. 
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Table XIII—Cost of Bumper Structure—H-5668-3 as Completed Welding, 
Cleaned, Ready to Machine 


Part 

Type 

of 

Material 

Weight 

Lbs. 

Mat. 

Cost 

Labor 

and 

Over^ 

head 

Unit 

Cost 

No. 

Used 

Total 

Cost 

main STRUCTURE. 

L . 



-715 

$0,715 

l 

$0,715 

A. Main channel. 

| Alloy Ship 



1 


Channel 

59.6 

$2,260 

1.582 

3.842 

1 

3.842 

B. End caps. 

; 6" tubing 

1.5 

.060 

.281 

.341 

2 

.682 

Weight of welds. 

i Weld Metal 

.7 







Total Weight. 61.8 Total Cost... 5-239 


COST OF OIL PAN GUARD K-5952-4B, CLEANED, READY TO MACHINE 
SINGLE PLATE. Alloy Plate 74.4 $2,827 .848 $3-675 $3,795 

Could the Improved Welded Design Be Cast?—An examination of the 
main transmission case, fuel tank and frame structure shown in Fig. 27 and 
the parts of which have been described in the immediately foregoing para¬ 
graphs indicate that it would be impossible to case from low alloy, high 
tensile steel as one integral casting, on an economically practical basis, this 
improved design wheel tractor transmission frame. 

No attempt will be made here to predict the cost per pound of such an 
alloy steel casting as the complete transmission case and frame structure; but 
it would likely be more than the 19.4$ per pound which would have to be 
paid for the gear case structure alone as an alloy steel casting. Since the 
whole structure would be lOfeet long completed, and would require tests 
for oil tightness of the fuel tanks, as well as other special inspections, the 
price schedule per pound would be almost certain to be a higher cost per 
pound. 

Probably the greatest difficulty of all in producing such a casting would 
be the fact that it would be impossible, on a practical scale, to produce the 
fuel tanks, which themselves are over six feet long, using a low alloy, high 
tensile strength steel of % 6 -inch section for the top and sides of the tanks, 
and I/ 4 -inch bottom plate throughout being cast integrally with the transmis¬ 
sion case and successfully make those castings without leaking, cracking, or 
being otherwise imperfect. It would be impossible to cast a ^-inch baffle 
plate inside of the tank and to be able to inspect them properly to know for 
sure that they were satisfactory. Also, it would be impossible to assure the 
manufacturer that these castings were of sufficient strength in a comparable 
weight and sound enough to be relied upon within the realm of ordinary 
economic testing of such castings. 




Fig. 35. Simple three-piece bumper structure. 
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It would be impossible to use the same type of machinery set-up for 
machining the large case and it would be more expensive from the machining 
and handling standpoint if it were possible to make such a casting. 

One of the biggest disadvantages in casting such a unit as this is that 
all of the work of making cores, patterns and other foundry processes 
preparatory to pouring such a casting must precede the actual pouring itself. 
Once a casting is poured, the whole unit is entirely dependent upon the 
success of that one operation to produce a sound casting. In the arc 
welded construction, it is possible to make substructures of from one to 
several parts; to fabricate them as small units where it is easy to get at the 
work; to inspect each part as it is completed and to fit the whole together, 
unifying them into one completed structure on a mass production assembly 
basis. In this way the parts of many structures are in process at one time, 
and the spoilage of one part does not seriously impede the progress of the 
whole order nor cause the scrapping of a completed unit. 




It is therefore safe to state that the manufacture by the use of the steel 
casting process of the improved arc welded design in the form in which the 
arc welded design functions the best, is not an economic possibility. The only 
way in which a steel casting design can function with any degree of satis- 
faction for this unit, if the arc welding process were unknown, is in a design 
comparable to the original arc welded design involving a separate transmis¬ 
sion case, two “bolt on” fuel tanks and frames, and a separate bumper and 
belly guard structure. 

Even with such a design the cast units are heavier and more expensive. 

Comparative Cost of Completed Frame Assembly—In order to compare 
the cost of the new design for arc-welded construction with the original 
design, the cost of the unmachined structures plus the purchased parts 
involved in the improved design are shown in Table XIV, the details of 
which are illustrated in Fig. 37. 
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Table XIV ""W*eight and Cost of Unmachined Case and Tank, Bumper and 
Tank Guard Structures and Purchased Accessory Parts for 
Complete Assembly 


Parts 

Weight of 
Parts Used 

Unit 

Cost 

No. 

Used 

Total 

Cost 

Final drive .. . .... 





Case and tank str. 

2,485.0 

$ 257,919 

1 

$ 257,919 

0-1423 Drain plug. . . 

.2 

0.052 

3 

0.156 

H-6881 Drain plug. . 

.1 

0.047 

2 

0.094 

C-1540 Lock washer...... 

.2 

0.002 

8 

0.016 

C-1614 Capscrew. . 

1.0 

0.012 

8 

0.096 

Oil tank guard .. . . 

74.4 

3.795 

1 

3.795 

Bumper .... 

62.6 

5.239 

1 

5.239 

C-1541 Lockwashcr . 

.3 

0.004 

8 

0.032 

C-I 525 Nut.-- 

.9 

0.014 

8 

0.112 

01629 Bolt . 

1.5 

0.023 

8 

0.184 

Fuel tank cap . 

2.2 

1.305 

2 

2.610 

Fuel strainer . .. 

.1 

.850 

2 

1.700 

05770 Plug --- 

.1 

.031 

2 

0.062 


Weight.. 2,628.6 Total Cost... $272,015 


The items shown in Fig. 37, which represent the improved arc welded 
design for the wheel tractor frame, transmission assembly are entirely 
comparable to the items shown in Fig. 27 for the original arc welded design. 

The cost of machining of the separate structures and parts which go into 
this improved design are obviously considerably smaller than in the original 
welded design. An itemized account of these costs are presented in Table XV, 
showing the total cost of $8.57 for machining on the improved design as 
compared to $50.35 for the original design, representing a reduction in 
machining costs of $41.58. 



FI NAL WUV£ CAM- 


DRAIN PLUG-1 

PLUG-2 


Fig. 37. Structures and parts required lor the transmission and frame assembly- 
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Table XV—Cost of Machining Parts and Structures (Labor and Overhead) 
for “Welded On” Case and Tank Structure, Bumper and Oil Pan 
Guard, (Omitting Machining Cost of Main Case and Parts 
' Thereof) Equivalent to “Bolt-On” Case 



Pre-Machined 

Machined as Number 

Total 

Part or Structure 

as a Part 

Structure Used 

Cost 

Case and Tank Structure. 


2.610 

$2,610 

—included parts 




Tank spouts. 

.052 


1.004 

Left fuel tank. 

.670 


.670 

Equaliser pipe. 


.313 

.313 

Main bottom plate. 

1.305 


1-305 

Pan screw lugs.. 

.037 


.259 

Bumper bolt plate. 

.278 


-556 

Bolt lug. 

.087 


.087 

Bolt block. 

.148 


.592 

Rear motor mount lug.. 

.085 


.170 

Front motor lug.. 

.092 


.184 

Bolt lug. 

.102 


.204 

Bumper structure_ 



.000 

Bumper channel_ 

.234 


.234 

Oil pan guard. 

.482 


.482 

Total Cost.... 



$8,670 

This $41.58 is not 

net saving, but 

a large portion of it is. 

as will be 

demonstrated shortly. 





Another portion of the expense of making the completed tractor trans¬ 
mission frame assembly such as shown in Fig. 5, and again a comparable 
assembly in Fig. 37 is the assembling of the parts. The cost of assembly of 
the improved design is found to be $1.20 as compared to $11.04 for the old 
design, a rather significant difference. 

A summary of the difference between the cost of the completed and 
assembled frame made according to the improved design of arc welding 
and the original arc welded design is shown in Table XVI. 


Table XVI—Summary of Analysis of Cost of Original Design (“Bolt-on- 
Tanks”) and Improved Design with Welded-On Tanks and Frame 


Cost of fabricated major structures and accessory purchased 

parts (cost of machining structures not included). 

Cost of machining fabricated parts and structures, not in- 
ceding machining of gear cases (which are comparable 

and practically unchanged in the redesign). 

Cost of assembling case, tanks, bumper and oil pan guards 
to . fp rm equivalent “case-tank-frame-bumper-and-guard 


TOTAL .. 

Difference in favor of new design. 

Perc entage difference in favor of new design. 


Cost First Cost Improved 
Design Design 

265.65 272.02 


50.35 8.67 


11.04 1.20 


327.04 281.89 

$45.15 
13. 
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This summarises the items of cost which enter into the completed unit, 
and shows that there is a net difference of $45.15 in favor of the improved arc 
welded design over the original arc welded design, or a 13.8% decrease in 
the manufacturing cost of the completed unit. This does not give a cash 
value nor compensating cost to the 70 pound puihhook structure embodied in 
the improved design and not in the original design, nor the 16 gallons addi- 
tional fuel tank capacity in the improved design over the original. 
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Fig. 38, Cleft). Graphic proof of fundamental economy of Improved design. 

Fig. 39, (right). Graphic proof of economy oi welded design. 

Significance of Saving Due to Improved Design for Arc Welding—The 
full significance of the 13.8% reduction in the manufacturing cost of the 
wheel tractor transmission frame structure may be best shown ,by a statement 
of the fact that by the time the improvements on the design were made there 
were almost 100 of the original design tractors in the. field. This means 
that the selling price for these units had been established, that the units had 
been tried in the field and found to be successful; and that the manufac¬ 
turer's profit schedule had been established and realised on the production 
of those 100 or so units of that model. In the light of good business practice 
it is safe to assume that the original selling price for these units would be 
. set so as to allow the manufacturer a reasonable profit. He then might 
continue to produce that model, at that reasonable profit until competition 
forces him to change the design on the price. 

However, when he immediately improved his design and placed in pro¬ 
duction a unit which was superior to the original design embodying certain 
improvements including such items as the puihhook on the bottom for 
snatch-loading, larger capacity fuel tanks, a more rigid and serviceable unit 
for field service, more streamlined appearance, all for a smaller cost; it places 
the manufacturer in the admirable position of being able to do one of two 
things: Either greatly increase his net profit, or deal with competition by 
reduction in price. This, since the price for such a unit is already established. 

Fig. 38 graphically shows the significance of this profit due to redesign. 
The fact that an established product in the field was redesigned and made 
for 13.8% less cost, was made superior to the original product, and sold 
for the same price, allows the manufacturer a margin of 55% more profit 
than he realised on the original design, (assuming a 20% profit on the 
original design). The most important part of this situation is that the total 
number of dollars which were taken from the cost of manufacturing the 
product by improving design are transferred immediately to the profit side 
of the ledger without being diverted to sales expense or other phases of 
industrial cost which had to be incorporated in the setting up of the original 
price schedule for the original arc welded model. 
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Fig. 40. Fleet of tractor-scraper units. 

It should also be borne in mind that the improvements made possible 
by the redesign or the refinement of the original design could not have 
been made without the experience of making the original designed unit first 
and proving it out in the field on a production basis. This improvement of 
the original design is therefore one of the most significant sources of profit 
and economic margin in the manufacturing of arc welded equipment, and 
it is a step which cannot be taken and completely anticipated in the original 
design. 

Gross Economy of Arc Welding—The fundamental economy of manu¬ 
facturing wheel tractor transmission case and frame assemblies by the arc 
welded method rather by other available - methods of modem industry is 
graphically shown in Fig. 39. This shows the comparative cost of manu¬ 
facturing such units using cast steel stmctures for the major units of the 
assembly compared to the original arc welded design as actually manu¬ 
factured on a production basis involving the production and sale of over 
100 ; and then the cost of manufacturing an equivalent unit by improved 
original arc welding design, based on production and sale of over 400 of the 
improved units. The improved design units cost 49.7% less than a similar, 
but less refined cast steel design. 

Aside from the fact that it is a gross saving of 49.7% of the cost using 
the improved arc welded design over the cost using the cast structures, 
it should be borne in mind that it is outside of the realm of economic practice 
to produce the improved welded design unit by casting and it is impossible 
by the same economic limits, or limits of process to manufacture the original 
arc welded design to the same strength and weight specification by casting 
as with the original arc welded design. 

Estimated Gross Savings Realized from Economy of Arc 'Welding— 
After the first of February, 1941, the improved design for the transmission 
and frame structure had been proved and mass production of them was begun. 
In the next twelve months a total of 475 transmission cases and frame units 
were completed. (428 of these had been assembled and shipped into the field 
with their scrapers or other accessory equipment). 

Bearing in mind the fact that the improved model could not be made 
within practical economic limits as a steel casting, but could possibly, with 
some concessions in design, be cast to produce the same functional structures 
as the original arc welded design; it follows that the difference between the 
cost of a completely assembled, improved model arc. welded case and frame 
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assembly, and the corresponding assembly made by casting steel as above 
described is a gross saving in manufacturing of these units. The cost of such 
a transmission and frame unit using steel castings, including the alloy steel 
castings; the machining of the frame bolt bases; machining of engine han¬ 
gars; brackets, etc.; the assembly cost; and purchased parts was shown to 
be $560.28. 

The cost of the improved arc welded design (which included a 70-pound 
pull-hook structure which was not included in the original welded design 
nor the cast steel cost estimate) was $281.89. 

The use of arc welding therefore allowed the manufacturer a gross 
saving of $278.39 on each complete transmission case and frame assembly 
of the improved arc welded design over that of such an assembly using 
alloy steel. castings. 

The annual economy may be summarised as follows: 


Cost of units of cast alloy steel.$560.28 

Cost of arc welded units. 281 89 


Gross saving/unit by welding.$278.39 

Number of each units manufactured during the 

first year . 47 ^ 

Total gross saving by arc welding— 

(575 X 278.39) = $160,074.25 


Possible Annual Gross Saving—-This wheeled tractor is a “pioneering” 
unit. In design it is sufficiently unconventional so that it is unlike any product 
of any existing major industry. 

The gross saving of over $160,000 in manufacturing cost by its manu¬ 
facturer by fabricating it by arc welding is of marked significance because 
it represents the gross savings realised on the first year’s manufacture of the 
improved design of the tractor. 

Production during that year was dependent upon available facilities, and 
was expanded from a maximum capacity of about 4 per week at the begin¬ 
ning of the year to a capacity of 25 per week by the end of the year. 

This expansion was the natural result of the demand of the earth-moving 
industry for these new type units—a certain proof of their innate economy. 



Fig. 41. Wheel-type tractor and scraper dumping and spreading load under positive 

control. 
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Fig. 42. Comparative cost per cubic yard of earth moved on hauls of 1,000-feet. 


Based on a production capacity of 25 units per week, the yearly possible 
gross savings on the manufacture by arc welding of the transmission and 
frame structure instead of using alloy steel castings would amount to the 
following: 

25 units/week for 50 weeks = 1250 units. 

1250 units @ a saving of $278.39/unit = $347,987.50/year. 

It should be pointed out that the transmission case and frame unit was 
selected as a typical example of the economy made possible to manufacturers 
of machinery by using high tensile alloy steels and the arc welding method 
of constructions. The transmission and frame of the wheeled tractor, weigh' 
ing about 2600 pounds represents only 9 percent of the 29,000 pounds, total 
weight of the scraper and tractor without tires, motor and other purchased 
units. A comparable saving on the production of the rest of the unit is 
realised by this manufacturer, by taking advantage of the same fundamental 
economies of arc welding low alloy, high tensile steel, so the above quoted 
gross saving is only a small portion of his actual saving by using the arc 
welding method of production of his machines. 

Social and Economic Development—Field engineering data based on the 
average performance of some 600 units of this wheel tractor in the field 
indicate that; as an earthmoving unit powered by a wheel tractor which, 
essentially combines tractor power with truck speed; can load itself with 
the aid of a pusher, and unload and spread its own material by itself, without 
the aid of a spreading unit on the dump; this unit embodies certain impon 
tant economies in the earthmoving field which have not heretofore been 
possible. 

The fact that this unit may be produced by the arc welded method with 
such splendid economy over any other method which could possibly be used 
to produce it contributes considerably to this fundamental economy in. 
earthmoving. 
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Actual field tests on jobs such as shown in Fig. 40 on a typical earths 
moving job involving hauls over 1000 feet, using the number of the wheel 
tractor drawn scraper hauling units which best keep the pusher unit operat¬ 
ing, the cost of loading these units is, on the average, 1.5* per cubic yard. 
Varying with the length of haul, the cost per cubic yard of operation 
and maintenance of the units, the retirement of the original purchase price 
of the unit and the other direct labor expenses (not including supervision, 
grade bosses, surveying, etc.,) is from five cents per cubic yard for 1 000 
foot haul to approximately 110 for a 5,000-foot haul, with the cost rising 
proportionately for longer hauls. This unit unloads and spreads its own 
load to the conti oiled depth and distribution required on the job, requiring 
no longer to unload and spread, on the average, than a truck. The large 
pneumatic tires on the scraper and tractor then pack the earth solid, as 
shown in Fig. 41. 

The conventional method and an example of the typical equipment and 
for doing the same work as described above, would be to use a two-cubic 
yard capacity power shovel, a fleet of 15-cubic yard capacity trucks, and a 
spreading unit on the dump. Fig. 42 graphically shows the cost of such a 
method of earthmoving compared to that using the wheel type tractor and 
scraper method. 

The material is loaded into the trucks by the power shovel, is hauled 
to the dump where it is dumped (an operation which takes time) and is then 
distributed by a spreading unit such as a tractor with a Bulldozer mounted 
on it or a tractor-grader unit. 

The cost of these operations total about 4.60 per cubic yard for loading 
and 1.50 per cubic yard for spreading and packing. The cost of the haul is 
found to be no less (on the average) than the cost of using the wheel tractor 
and scraper, due to the speed and power of the latter (See Fig. 43) so the 
actual difference in total cost of earthmoving by the wheel tractor and 
scraper method compared to the shovel, truck and spreader method is (con¬ 
servatively) 4.60 per cubic yard on hauls of over 1,000-feet. 

Enough of these wheel-tractor, scraper units are operating in the field 
at the present time so that the yearly savings to the earthmoving industry 
on the units actually operating in the field may be estimated conservatively 
according to the following procedures: 

A. Yearly Saving—There are over 600 wheeled-tractor scraper units 
in the field today, (May 15, 1942) and because of the demand for new 



Fig. 43, (left). "Truck speed plus tractor power." Fig. 44, (right). Self-dumping buggy 

drawn by wheel-type tractor. 
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Fig. 45. All welded crane powered by two-wheel tractor. 


units it is safe to assume that all are in operation. Experience indicates that 
the average number of these units per job is 5, and that one tractor pusher 
unit is used for each such job, (See Fig. 40). 

Assuming an average haul of 5,000-feet, these 600 units will average 
65'cubic yards of earth per hour, or a total of 39,000-cubic yards per hour. 

Conservative estimate of production per unit is 20 hours per day, actual 
earthmoving for 300 days a year, or: 

39,000 X 20 = 780,000-cu. yards per day 

780,000 X 300 = 234,000,000-cu. yards per year 

Average saving per cubic yard by using wheeled tractor is $.046, or: 

(234,000,000 X $-046 =) $10,764,000, total annual saving made 
possible by using arc welded wheeled tractor and scraper units instead of 
conventional equipment and methods. 

What is the potential significance to society as a whole of this annual 
savings based on machines already operating in the field? 

Here are some of the things that could be done with $10,750,000, based 
on the average bids submitted in 1941 on typical jobs (See “Engineering 
News Record.” Construction cost number—April 23, 1942) such as these: 

$10,750,000 would: 

(A.) Build 450-miles of 22-ft. concrete pavement at current prices; or 

(B.) Excavate and oil treat a road 26-ft. wide—450-miles long; or 

. (G.) Grade, drain and seed 61 typical class 3 airports with 3 landing 
strips 500-feet wide by 4,000-feet long; or 

(D.) Build 12,000-miles of typical 10-ft. high flood protection levee; or 

(E.) Build 13 typical 500,000-cu. yd. earth filled dams—with concrete 
spillways for flood control; or 
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(F.) Build a complete, earth filled dam and power plant such as Anderson 
Ranch Dam in Idaho—in which there are over 13,000,000 cu. yds. of excava- 
tion, a section 1^50-ft. long and 330-feet above the riverbed. 

Any of these would represent a significant improvement of the nation; 
and any one of them could have been built with money saved in one year 
on the earth moved by the 600 arc welded type tractor and scraper units 
in the field by May, 1942. 

B. Difference in Capital Investment to Move 234 Million Cubic Yards 
of Earth a Year by New and Old Methods— 


600 wheeled-tractors and scraper units @ $13,000.= $ 7,800,000 

120 tractor-pusher units @ $8,000.— 960,000 

Total ...$ 8,760,000 


To move the same 234 million cubic yards of earth 5,000-feet by the 
older method, using for example 2-cubic-yard capacity power shovels to load, 
15-cubic-yard capacity trucks to haul, and one spreading unit (a tractor and 
Bulldozer) or for each shovel and fleet of trucks. The capital investment 
represented is as follows: 


190 Power shovels (2-cu. yd.) @ $24,000.= $ 4,560,000 

1140 Trucks (15-cu. yd.) @$13,150.= 14,991,000 

190 Spreading units (tractors 6? Bulldozer) @ 

$8,000 .= 1,520,000 


Total ....$21,071,000 

Investment for wheel tractor operation. 8,760,000 


Difference.$12,311,000 

Percent less capital investment in favor of wheel 

tractor and scraper method.... 58.4% 


This reduction in necessary capital investment means (1) that many more 
construction projects can be bid upon by smaller contractors, and (2) many 
projects that could not be undertaken by society in the past because of being 
too expensive may in the future be undertaken because the reduced cost 
brings them within the limits of economic possibility. 
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Fig. 47. Lifting and hauling truck having high speed and maneuverability. 


C. Difference in Man Power Required to Move 234 Million Cubic Yards 
of Earth by the New Method and by the Conventional Method—Using 600 
wheeled-tractor units and 120 tractor-pusher units to move 234 million cubic 
yards of earth, 5,000-yards in a year would require 720 men per hour for 
operation alone, exclusive of supervision and other overhead personnel as 
follows: 


Wheel-tractor and scraper operators. 600 

Tractor-pusher operators. 120 


Total men per hour. 720 

Using power shovels, trucks and spreaders to do the same work, tl 
power requirements per hour would be as follows: 

Power shovel operators. 190 

Power shovel oilers 6s? helpers. 190 

Truck drivers .1140 

Spreader unit operators. 190 


Total men per hour- 


1710 


Difference (1710-720)=... 990 

Percent less manpower per hour in favor of wheel type 
tractor and scraper method.52.0% 

The significance of this possible reduction of man power is simply that 
the efforts of one man can move a little over twice the amount of earth 
by the new method than by the old. Since many new jobs will become 
economically possible, these men will still be used in the earthmoving 
industry, but more earth will be moved. 
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A Look Toward the Future—The 600 wheeled tractor and scraper units 
which have been placed in the earthmoving field since late in 1940 have been 
found capable of doing the work equal to that of 190 two cubic yard capacity 
power shovels (and their required truck fleets and spreading units) at a 
saving of over $10,750,000 per year. 

Conservative estimates of the number of power shovels in operation 
in the field at the present time, and of comparable size to the 190 described, 
average approximately 10,000 power shovels. 

Since in less than two years, new and revolutionary type of arc welded 
wheeled-tractor and scraper earthmoving units, with a combined capacity 
equivalent to almost 200 power shovels have been placed in operation at such 
a significant saving to the industry, it seems reasonable that even greater total 
savings will be realized by society from the same source of economy in the 
next few years. 

There are other possibilities for the use of the arc welded wheel-tractor 
in construction work or industrial work than for earthmoving as above out¬ 
lined. Figs. 44, 45, 46 and 47, illustrate applications which are indicative 
of a wider application and more extensive use of units which essentially are 
dependent upon the new wheel-type tractor and the arc welding method of 
fabrication for their construction, and which are being demanded by the 
industrial world in increasing numbers. 

The essential progress was made in the bold and unconventional departure 
from the conventional type of wheel-tractor, or crawler-tractor; known in 
1940, by the design for fabrication by arc welding of a new powerful wheel- 
type tractor; and the improvement of the original welded design to an 
improved welded model which grew out of the experience of building and 
using the first welded model. 



Chapter XXIV—Redesign of Main Frame for Tractor Bullgrader 
By George W. Mork and Howard Squires, 

Engineer and Manufacturing Engineer, respectively, Bucyrus'Erie Company, 
South Milwau\ee, Wisconsin 

Subject Matter: A redesign by which 
structural members were butt welded to 
small high production castings producing 
a strong, good looking bullgrader main 
frame at a reduction in cost. The old de- 
sign required a large number of pieces 
welded together and large cuts for fittings. 

Failures occurred due to misalignment. In 
the new design, strength was added to the 
longitudinal side members by welding four 
plates in box form and using thicker plates 
at the top and bottom to increase the sec¬ 
tion modulus where it was low previously. 

Corner sections were castings butt welded 
to the other members. This resulted in 
George W. Mork less welding length, fewer members to han- Howard Squires 

die and finish, and a saving of $15.08 on 
the large frame. 




The progress made in the art of electric welding during the past few 
years is as responsible for the development of modem earth moving equip¬ 
ment as is the high speed Diesel Engine and its application to the crawler 
type tractor. 

Prominently included in the list of earth moving tractor equipment is 
the bullgrader, sometimes called an ‘'angle dozer 1 '. The industry builds 
hundreds of them each year and the problems incident with their develop' 
ment have been many, as manufacturing production quantities are large and 
the competitive situation commercially is keen. All parts of these machines, 
regardless of size or importance, are being studied continually in order to 
further reduce cost and increase production. 

The purpose of this paper is to prove the possibilities of cost reduction 
of weldments through the use of composite design embracing structural mem' 
bers joined to small high production machine moulded castings, placed in 
complex sections through the use of full butt welded joints. For our example 
we have selected the bullgrader main frame, recently developed by the authors, 
as one of the finest for which we have been responsible. It represents a just 
reward in low cost obtained, adaptability to increased production with exist' 
ing plant facilities, elimination of waste, greater strength because of smooth 
stress flow, and improved appearance. 

At the present time, and for the past few years, our company is and 
has been building four sizes of bullgraders for tractors of 30, 40, 50 and 70' 
horsepower. In 1941, total sales of the four sizes was 1319 units. Our pro' 
duction quantities are therefore fairly large for this type of heavy product and 
small, as well as large, savings are important. 

The specific frame which we will describe and analyze in detail is that 

1080 
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which is used with the largest machine, namely the one designed and built 
for the 70-horsepower tractor. Because of the many advantages gained we 
have already gone into production on this sise and will soon follow with the 
others. 

In order to obtain a broad picture of its advantages in cost, production, 
and function we will make a comparison of the new main frame with the one 
which preceded it. 

Fig. 1 illustrates the completed bullgrader and the function of the main 
frame in the machine. Fig. 1 shows the digging blade in bulldozer position 
for straight work. The main frame shown in Fig. 1 is of the old design as will 
be outlined and described later. Fig. 2 gives a clearer view of the frame and 
how the blade and landside members are attached. This photograph also il¬ 
lustrates the old design. 



Fig. 3. New design of the frame. 


Figs. 3, 4, and 5 of the new design, the subject of this paper, show in good 
detail the construction. The corner and center castings with their butt welded 
joints, which will be described in full detail later, are clearly visible in Figs. 
4 and 5. 

The stress analysis of this member, as is now quite apparent to the reader, 
is extremely complex and the stresses under maximum loadings are high. Care¬ 
ful design, from its functional standpoint, is therefore quite essential. 

With the exception of the center casting the old frame was entirely 
fabricated. Its cost, although somewhat high as we have now learned, was not 
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prohibitive. The main members are composed of ship channels welded to¬ 
gether at the flanges to form a hollow box beam. In order to obtain sufficient 
section to withstand vertical bending, reenforcing bars were necessary on both 
top and bottom. The forward diagonal beam was formed from two plates 
bent into channels, then welded together to form the box. A complicated 
unnecessary joint between this beam and the center casting was used because 
of our early fear of full butt welds. The corner construction was the best we 
could do with the fabricating facilities available, and, although strong, points 
of stress concentration were numerous because of overlapping of plates and 
bars. Under very severe operating conditions a few of these frames broke. 
These failures all started in the welds at the inner corners between the side 
and forward beams and the corner plates. The computable stresses under 
maximum loading conditions at these points are within safe limits so the only 
remaining conclusion which can be drawn is that stress concentrations in 
the welds, because of misalignment of the corner plates and beam members, 
were sufficiently high to cause failure. 

When designing the new and now current frame, we succeeded in entirely 
eliminating overlaps by the simple expedient of making use of small castings 
at the corners and center. These are formed in such a manner that after 
fully welded to the main fabricated members the four exterior surfaces are 
all flush. At this point, please refer to Figs. 3, 4 and 5. Note should be 
taken that the castings are designed to enter the fabricated beams so as to 
form back-ups for the butt welds and thus insure 100% welds on all sides. 
When designing in this manner to obtain smooth stress flow without inter¬ 
ruptions, appearance of the finished structure is improved automatically. 
There are no points of excessive stress concentration in this design as in the 
old, and consequently the frame is considerably stronger. Please note en¬ 
circled specification to “grind all butt welds smooth with plate surfaces”. This 
is done to further insure against stress concentration. 

The longitudinal side members are built up of four plates, each, welded 
together at the corners to form the required box. This design permits the 
obtaining of the larger section modulus required around the horizontal axis by 
merely selecting thicker top and bottom plates rather than by the addition of 



Fig. 4, (left). Close-up showing the welds. Fig. 5, (right). Another close-up of the frame. 
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plates and their extra welds as in the old design. Referring to Table I, we find 
that for practically the same overall finished weights we have gained a slight 
increase (3.7%) in section modulus, 40.8" 3 to 42.3" 3 in the new over the 
old design across section X-X and a fairly large increase (17.7%) 34.4" 3 to 
40.5" 3 across Y-Y, the other critical section. 

A comparison of rough and finished weights, as taken from Tables I, II 
and III, is interesting. The amount of scrap steel due to cut-aways, etc. for 
the old frame is 154-pounds and for the new frame is 36-pounds, or a differ¬ 
ence of 118-pounds per frame. For a years production of 320 frames (see 
item 9, Table III), a total saving of approximately 38,000 pounds of steel 
is therefore realised. Though only a small step, it is indeed in the right di¬ 
rection especially during these hazardous days when the problem of waste is 
so important to us all. 



Of greater importance are the many advantages which the new frame 
has over the old from a production standpoint. Not only has the direct labor 
cost been materially reduced (21.7%), (See Table IV), but the number of 
pieces which go to make up a complete frame has been reduced from 43 for 
the old to 31 for the new, a total of 28%, (See Tables I and II). The actual 
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saving in indirect labor cost which this represents, cannot be computed but 
when one considers that every operation on each piece is rated and the piece 
routed for those operations and also that travelers and blueprints must be 
prepared, one can realise immediately the tremendous importance of this 
reduction. The indirect cost saving in this instance will actually be con¬ 
siderably more than shown in item 11, Table III. 

We have prepared an accurate break-down of the actual direct labor 
costs of both frames in Table IV. Of interest first in this tabulation is the 
omission entirely of operations 7 and 8 for the new frame. The planer 
operation has been reduced 66% because the four plates require no weld' 
preparation, whereas the channels do. 

Hand welding has been reduced approximately 13% but this reduction 
is due primarily to the saving in fit-up rather than to welding as the amount 
of actual weld deposition is 22.27 pounds for the old frame and 24.58 pounds 
for the new. Wc believe, however, that a further saving can be made by 
reducing the sises of the butt weld preparations, and experimental work on 
this point will soon be started. 

Automatic welding has also been reduced primarily because of less 
handling. The footage has been reduced from 95-feet to 90-feet. 

Another substantial reduction is in the dressing time, item 9. Butt welds 
are easier and quicker to dress. 

The total saving in hours is the difference between the two totals, 29.693 
and 23.223 or 6.470 hours which represents a net direct labor cost saving 
of $6.46 per frame, or a total works cost saving of $15.08, in spite of the 
slight increase in material cost, (See Table III). It is interesting to note that 
the yearly saving amounts to $4820. 

A further advantage of our new frame design is its ability to lend itself 
well to sub-assembly units delivered to the welder. As delivered to the welder, 
these sub-assemblies consist of the following for the new frame: 

2—Trunnion adapter castings 
2—Side beams (welded on machine) 

2—Corner castings 

2—Forward diagonal beams (welded on machine) 

2—Clevises 

1— Center casting 

11—Total pieces 

The pieces formerly delivered to the welder for the old frame were, as 
follows: 

2— Trunnion adapter castings 

2—Side beams (welded on machine) 

4—Corner knee brace plates 
2—Diaphragm plates 
2—Inside bars 
2—End plates 
2—Clevises 

2—Forward diagonal beams (welded on machine) 

1—Center casting 

19—Total pieces 

The time saved in the handling of these units is reflected in the welding 
time as stated previously, inasmuch as the number of units has been reduced 
from 19 to 11. 
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Fig. 7, (left). Arc welding the frame in special fixture. Fig. 8, (right). Fixture rotated for 

■welding. 


For assembly of the various units into the completed frame, a large steel 
surface plate is provided on which removable pedestals are bolted to give 
proper location of the parts. This allows for a convenient method of handling 
the several sizes produced and considerably reduces fixture expense as well 
as simplifies fixture storage. 

With the frame assembled in the horizontal position on the plate, (See 
Fig. 6), the horizontal sections of the butt welds at the corners and center 
and the fillet welds at the trunnions are laid. The frame is then turned over 
alxjut the trunnions and the other horizontal welds laid. After these opera- 
tions the frame is placed into a large revolving fixture attached to the wall, 
(See. Figs. 7 and 8), and the welding completed. All welds are therefore 
positioned for best welding results. The frames shown in Figs. 7 and 8 are of 
the old design, but the same fixtures are used just as conveniently for the new 
frame. 

As stated before, this design of frame has already been adopted for the 
size covered in this paper and will be adopted for the other sizes as soon as 
possible in order that further savings be realized. 
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Table I 

Material Cost—Old Frame 


Fin. 

Description Weight 


2 Trunnion adapters . 43 

1 Center casting . 121 

2 Connecting rod clevises . 98 

2 Channels. 428 

2 Channels. 390 

12 Plates. 448 

4 Plates. 81 

2 Plates. 10 

2 Plates. 24 

4 Bars. 246 

12 Bars. 31 

4 Bars. 12 

2 Bars. 32 

29# Fleetweld.J. 22 

34# Union Melt. 34 


TOTALS. 2020# 


Wastage—Rough minus finished weight 154# 


Table II 

Material Cost—New Frame 


No. Fin. 

Req’d Description Weight 


2 Trunnion adapters . 64 

2 Corner castings . 202 

1 Center casting . 120 

2 Connecting rod clevises . 50 

■4 Plates. 658 

4 Plates. 438 

12 Bars.-.. 30 

4 Plates. 443 

32# Fleetweld. 24 

28# Union Melt. 28 


Rough 

Weight Cost 


43 

$ 4.60 

130 

10.15 

108 

5.40 

432 

11.00 

402 

10.25 

535 

17.0? 

85 

2.17 

10 

.26 

25 

.64 

257 

7.32 

35 

1.00 

13 

..37 

36 

1.03 

29 

1.89 

34 

9.87 

2174# 

$83.00 


Rough 

Weight 

Cost 

64 

$ 6.15 

206 

16.06 

129 

10.07 

62 

3.10 

658 

16.80 

438 

11.17 

33 

.94 

443 

11.30 

32 

2.08 

28 

8.12 


31 TOTALS... 2057# 

Wastage—Rough minus finished weight 36# 


$85.79 
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Table III 

Cost and Weight and Other Comparisons 


Old Frame New Frame 

Rough Weight . 2174 2093 

Finished Weight. 2020 2057 

Difference—Rough and Finished Weights. 154 36 

Section Modulus X-X. 40.8"* 42.3" 3 

Section Modulus Y~Y. 34.4" 3 40,5"® 

Total number of pieces in frame. 43 31 

Manufacturing or Production Quantity. 60 60 

Total Quantity 1942 Production. 0 320 

Direct Labor Cost—Lots of 60. $ 29.81 $ 23.34 

Indirect Labor Cost—Lots of 60. 52.20 40.80 

Material Cost . 83.00 85.79 

Total Works Cost. 165.01 149.93 

Saving per frame (work cost). $15.08 

Percentage saving. 9.15% 

Saving per construction of 60 frames. 904.80 

Saving for 1942 production—320 frames. $4825.60 


Table IV 

Direct Labor Comparisons 


Operation 

Rate 

Old Frame 
Hours Cost 

New Frame 
Hours Cost 

Shear .. 

.85 

.675 

$ .573 

.364 

$ .309 

Planer. 

. 1.04 

1.740 

1.810 

.582 

.605 

Weld (hand) . 

. 1.05 

15.100 

15.900 

13.100 

13.750 

Weld (automatic) . 

.91 

4.810 

4.380 

3.880 

3.540 

Saw. 

.85 

.438 

.373 

.240 

.204 

Press Brake (2'Men) . 

. 1.79 

.403 

.722 

.288 

.516 

Hand Burn. 

.95 

.155 

.718 


Shaper. 

.84 

.111 

.093 



Dress. 

.91 

4.220 

3.840 

3.400 

3.090 

Drill. 

.96 

.815 

.783 

.769 

.738 

Boring Mill . 

.98 

.626 

.614 

.600 

.588 

TOTALS. 


29.693 

$29,806 

23.223 

$23,340 


Percent reduction in Direct Labor Cost 































Chap ter XXV High-Temperature Vacuum Fractionating Tower 

By Egon F. Brummerstedt, 

Mechanical Engineer, Petroleum Division , Foster Wheeler Corp„ K[ew T or\, Y. 


Subject Matter: Problems solved by the use of arc welding in 
the design and construction of a 3 3Toot diameter vacuum frac" 
tionating tower which is one of the largest individual units of 
equipment ever used in an oil refinery. Welding permitted the 
use of steel bubble trays instead of cast iron with a saving of 30% 
in the cost of trays and a considerable saving in weight. Detail 
strength, sise, weight and welding calculations are given for all 
parts of this unit. The welded construction saved $36,860 as 
compared to a riveted unit and was erected in two months’ less 
time. 


Egon F. Brummerstedt 



New methods of design and construction by arc welding were used in the 
erection of one of the largest fractionating towers ever erected at a petroleum 
refinery. The design and construction of the 33Toot diameter arc welded 
steel trays, the method of design for vacuum operation and the design and 
attachment of the vacuum stiffeners are believed to be unique in the refining 
industry. As noted, the savings in cost, time and materials required were 
considerable by this method of construction, the last named being most ini" 
portant in the wartime period. 

Although the calculations are given in detail, they are essentially of an 
elementary nature. The article was written several months before actual 
construction of the vessel began and the photogrrphs included in this pub" 
lication were submitted later to substantiate the description of the method of 
construction. 

The identity of the oil company building this tower and its location can" 
not be disclosed at this time. The author nevertheless acknowledges the 
cooperation of the owner in supplying photographs and authorising publica" 
tion of the article. He also expresses his appreciation to his associates in the 
Petroleum Refinery Division of the Foster Wheeler Corp. for their con" 
structive comments. 

Many problems were solved by the use of arc welding in the design and 
construction of a 3 3 "foot diameter vacuum fractionating tower, one of the 
largest towers in existence and also one of the largest individual units of 
equipment ever used in a refinery. 

The author s firm was asked by a prominent refining company to design 
and construct a vacuum stage addition to supplement a crude still installed in 
1940. The high rated capacity of this unit, 37,000 barrels per operating day, 
and the vacuum operation of the fractionating tower resulted in a required 
diameter of 33"feet. To obtain the different products, mainly different grades 
of lubricating oils, twelve 3 3 "foot diameter bubble trays were required, in 
addition to several of smaller diameter in the top and bottom of the tower. 
The close fractionation requirements of a vacuum tower determined many 

1089 



Fig. 1, (left). Vacuum fractionating tower arrangement drawing. 
Fig. 2. (right). Fractionating tower bubble cap and riser assembly. 


The first and most important problem was the design and construction 
of the bubble trays. From the arrangement sketch it can be seen that the 


following is 

the total tray area: 



No. 

Diam. 

Area per Tray 

Total Area 

Trays 

Ft. 

Sq. Ft. 

Sq. Ft. 

3 

14 

154 

462 

12 

33 

855.3 

10,264 

2 

29 

660.5 

1,321 

2 

24 

Total tray area 

452.4 

for tower 12,952 sq. ft. 

905 


This total area shows the importance of designing a tray with the lowest 
overall cost per square foot, including decking, caps and supports, which 
would meet the general requirements. These included: 

1—Two-inch inside diameter vapor risers with 3-inch I.D. adjustable caps 
spaced on 4.5-inch equilateral triangular pitch, resulting in 5396 risers per 
3 3-foot diameter tray. 
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2 — Maximum deflection to be Ms 'inch with a liquid load 2 "inches above 
height of weir. V/ith a normal weir height of 3"inches, this meant 5"inches 

) of liquid, of specific gravity not exceeding T, or 26"pounds per square foot, 
to be added to the weight of the tray itself. 

3— The maximum length of flow across the tray at any one elevation of 
the plate is not to exceed 5"feet, requiring 6 levels of 2"inch differences in 
elevation per tray, or a total of 1 Chinch difference in elevation across the 
tray. This was necessary to reduce the hydraulic gradient and insure a steady 
flow and fixed liquid level. On this depends the uniform passage of the 
vapors through the slots in the caps, and the corresponding efficiency of 
fractionation. The adjustable height of caps also helped insure close fractiona" 
tion and low pressure drop through the tower. 

Several types of tray material were considered. For smaller diameter 
towers, cast iron sections of %"inch minimum thickness are generally used. 
The weight of these cast trays with a large number of small caps is approxi" 
mately 60"pounds per square foot, (based on previous experience) which, 
added to the liquid load, makes the resultant load of 86"pounds per square 
foot almost impossible to support with a deflection of only %Q-inch in a span 
) of 3 3"feet. 

A rough layout of the excessive supporting steel was made, and the total 
cost per cast iron tray estimated as follows: 


25,000 lbs. of supporting steel @ $0.12 $3,000 

51.300 lbs. of cast iron @ 0.10 5,130 

Assembly bolts and gaskets 500 

1 / J i2 total pattern costs 400 

76.300 lbs. installation of above @ $50 ton 1,900 


$10,930 
(Or $12.80/sq. ft.) 

This does not include the additional cubic yards of concrete for founda¬ 
tions due to this excessive weight. Neglecting that, the cost of cast iron trays 
and supports, therefore, amounts to 12,952"square feet, @$12.80 = $165,800. 

A semipermanently installed tray of l/finch. P^ ate steel was considered 
and rejected because of the same excessive supporting steel, and differential 
expansion was feared because of the high operating temperature (750°F.). 
This installation required l/gdnch. corrosion allowance on all exposed surfaces, 
and this thickness resulted in a total cost of $13.50 per square foot or more 
than the cast iron tray. 

By making the tray section removable through 14"inch x 30"inch oval 
manholes installed in the shell at every tray interval, and thus making them 
quickly replaceable, the corrosion allowance can be omitted and a thinner 
steel plate used, thus effecting a tremendous saving in weight and materials 
and making it more practicable to meet the Vi 6 "inch deflection requirement. 

On this basis, a final design meeting all previously mentioned requirements 
was laid out. Its most important features indicate the importance of arc 
welding in this type of construction; in fact, no other method would have 
been very practical, not to mention the considerable savings involved. Fig. 2 
shows the method of attaching the adjustable bubble cap and vapor riser to 
the tray deck, which is of lOgauge carbon steel plate in accordance with 
ASTM A-10 specification. 

It will be noticed that arc welding is required to properly attach and seal 
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the vapor riser to the deck plate and that the adjustable cap is supported by a 
welded attachment of the cap stud and two bent bars to the top of the riser. 
This was the final approved design. Approximately 0.10 pound of electrode 
was consumed per riser, making a total of 8240 pounds required for the 
82,400 assemblies provided for the tower. The cost per cap assembly, including 
cap, nipple, stud and two nuts, is approximately $0.50, exclusive of attach- 
ment to plate. A firm specialising in this type of fabricated product bid a 
total $92,600 for all 19 trays, including all deck plates, caps, risers, assembly 
bolts, trusses and supports except the main beam. This was an average of 
$7.15 per square foot. 

With this basis the following cost per 33-foot diameter tray was calculated 
as follows: 

Est. Wt. 


Lbs. Cost 

Tray deck, caps, risers, trusses and minor supports. 30,000 $6125 

Main supporting beam— 

(half of built up 2-tray girder).- 5,000 600 


35,000 

Install 17.5 tons @ $50 per ton. 875 


Total cost per tray....- $7600 

(Or $8.90/sq.ft.) 


This is a saving of $3.90/sq. ft. or 30% less than the cast iron tray. The 
total saving for the tower is, therefore, 12,952 @ $3.90 = $50,500. The 
saving in weight is 41,300-lbs. per 33-ft. tray or 43.8-lb./sq. ft. This is a 
total weight reduction of 567,000 lbs., and is 54% less than the weight of 
the cast trays. 

An even more important consideration is the speeding up of delivery. By 
saving the time required for making patterns, and for excessive machining 
which would have been required on the castings, two months of construction 
time were saved. 


Beam Calculations 

The problem of % 6 -inch maximum allowable deflection was solved by 
the use of a built-up welded girder of such depth as to support two of the 
trays, as shown in Fig. 3. 

The beam was bolted to seats welded to the sides of the shell, and to 
guide lugs welded to correspond with the top of the beam. A J/s-inch 
corrosion allowance was added all around to insure that the support would 
outlast the tray, and that the latter could be replaced without the former. 
The four %-inch continuous fillet welds 33-ft. long required 220-pounds 
of welding wire (electrodes) per beam, or 1320-pounds for the six major 
beams. If riveted construction had been used 4 L"s 6-in. x 6-in. x 1-in. would 
have been required for the flanges instead of two plates 14-in. x 1-in. This 
amounts to an additional weight of 1800-pounds per beam, or 17.5% excess 
over the welded beam weight of 10,300-lbs., exclusive of the rivets. 

The following calculation indicates selection of beam to meet the deflec- 
tion requirements and checks the strength of the fillet welds. 

With a large-scale layout the tray area supported by the beam was cal¬ 
culated to be 500-sq. ft. or 58.5 percent of the total tray area. 
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Pounds 


Weight of tray material for 500 sq. ft... 17,500 

Weight of liquid @ 26 lbs./sq. ft...13*000 

Weight on one tray. 30,500 

Weight on two trays. 61,000 

Est. weight of beam. 10,500 


Total load. 71,500 

The beam is supported on 12-in. horizontal stiffeners, leaving unsupported 
span of 31 "ft. 

I value needed for Yi <;"inch deflection: 

5WL 3 __ 5 X 71,500 X 372 3 . 4 

i — 384 Ed 384 X 23,200,000 X .0625 ' ln - 

where 23.2 x 10° is the modulus of elasticity of steel at the design tempera' 
ture of 800 degrees F. Assume beam consisting of a web plate %dn. x 64-in 
and two flange plates %-in x 14-in. 


Then per Fig. 3, 

I of web plate 

I of flange plates 
I of beam 


bd 8 = .75 X 643 
12 12 


= 16,384 


bd 3 d 3 =:l 3.75 (65.75 3—64.25 3 ) 
12 12 


21,786 


= 38,170-in. 4 


This is, therefore, ample. 

Adding J/g-in. corrosion allowance to all exposed surfaces of the beam, it 
requires— 

1 web plate 1-in. X 64-in. = 5.33-sq. ft./ft. 

2 flange plates 1-in. X 14-in. = 2.33-sq. ft./ft. 


7.66-sq. ft./ft. 

Total weight of beam = 7.66 X 32.67-ft. = 2.50-sq. ft. @ 40.8-lb./sq. ft. 
= 10,200 lbs., which is within the estimated weight. 

Maximum bending moment: 


TO = >IJ00X1H = 3,325.000 in.*. 
8 8 


Unit tensile stress in extreme fibre after corrosion: 



3,325,000 X 32.875 
38,170 


= 2870 psi 


Allowable tensile stress of fillet weld @ 800°F. — 18% of tensile strength 
(API-ASME Code) = 55,000 X -18 = 9900 psi 

Efficiency of fillet welds for structural (Group C) steel — 51% (API- 
ASME Code) 

Maximum allowable working stress of weld = 9900 X 1 = 5050 psi. 

This is considerably more than the stress in the beam flange. The net 
area of two %-inch fillet welds after }/&'inch corrosion, measured across the 
throat, = 2 (.75 cos 45° — .125) = .810 sq. in. 

This being greater than the %-inch web and flange plate, it is sufficient to 
transfer the stress from one to the other, and prevent flange slippage by 
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resisting the maximum horizontal shear at the ends of the beam. Similar 
calculations were made for all other beams and minor supports. 

To provide a seal, 2finches X 2 1 / 2 -inches by 34-inch circumferential 
angles were continuously welded to the shell at the level corresponding to its 
tray section and the latter bolted to it. This attachment could only be made 
by arc welding. A J4dnch fillet seal weld was used to allow for J/adnch 
corrosion; the total number of feet being equal to the perimeters of all 19 
trays, or 1710ft. @ 3-lb./ft. = 513-lbs. of electrodes. Every tray section 
of different level ended with an adjustable weir, bolted to an angle welded 
to the tray deck. Seal angles were welded to the minor support beams and 
channels. The trapezoidal support trusses, on which the tray sections were 
clamped together were of bent 10-gauge plate with lateral bracing bars 
spot welded to the bottom flanges. (See Fig. 4). 

S umm arizing, it may be stated that arc welding was used wherever attach¬ 
ment was permanent; only at removable joints were the tray sections joined 
by clamps, bolts, and gaskets. 

Experienced operators claim that this type of tray construction is only 
locally bent and warped in case of a sudden “shot of water” in the. tower; 
castings would be torn loose and crack and result in a “cascading” of damage 
to the bottom of the tower. Therefore, less off-stream time would be required 
for replacement and repairs. 

In the event that corrosion is greater than anticipated, the carbon steel 
tray plates could be replaced after the war with an identical tray of 12 — 14 
per cent chrome alloy steel, which would cost approximately $5 per square 
foot more, but would be corrosion-resistant. 

Design of Shell and Heads—The trays being now completely designed, 
the shell proper and all attachments can be laid out and checked. Because of 
its size, the shell must be assembled and welded on the refinery site in the 
field. All parts that can be readily shipped will be prefabricated in the shop 
and shipped in sections ready for field assembly. 

The arrangement sketch states that the design and construction are to 
be in accordance with the “API-ASME Code for the Design, Construction, 
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Inspection, and Repair of Unfixed Pressure Vessels for Petroleum Liquids and 
Gases.” Paragraph V/-403 of this code limits the out-of-roundness of the 
shell, that is, the^ difference between the maximum and minimum diameter 
of any cross-section along the length to %-inch. In a vacuum tower the 
resistance to collapse is inversely proportional to the out-of-roundness, there¬ 
fore this requirement was reduced to what seems an absolute minimum of 
54-inch. Another severe tolerance requirement was the alignment of all tray 
support beams and attachments within /'isdnch of a level plane perpendicular 
to the axis of the tower. 

The shell thickness was checked for the internal design pressure of 30- 
pounds per square inch and l / 4 'inc h corrosion allowance in accordance with 
the following formula in paragraph W-309 of the API-ASME Code: 


where t 

P 

D 


D 


= thickness of plate in inches, 

= design pressure (internal) psi, 

= inside diameter in inches before a 
= maximum allowable working stress 
temperature (psi), 
efficiency of longitudinal joint, 
corrosion allowance in inches, 
in inches = 12 X 33 = - 1 2 X corrosion allowance. 

= 396 + 0.5 ’ in. (net or corroded I.D.) 


s at 

strength at quality steel having 

,18 = 9900 psi. 

• for stress-relieving 
ause of the field welding) is 78% 
Code). 


Substituting, 


_30 X 3>96.? _, 

(2 X 9900 X -78) — 30 


.25 = 1.0217 or 


Thickness 
of 30 pounds 


of hemispherical heads required to resist an internal 
per square inch is calculated by the formula. 


where Dm = mean diameter of the head flange; the other factors are the 
same as given in the shell formula above. Assuming t == 1 inch,.approximate¬ 
ly as in shell, and substituting. 


. _ — 30 397 -1- .25 

4 X 9900 X -78 
t = .386 + .25 = .636 in. 


Because of structural loads and stability against wind pressures, and for 
uniformity of construction, the heads are usually made at least as thick as 

See"5ig 1, API-ASME Code for the Design, Construction, Inspection and Repair 
of Unfired Pressure Vessels for Petroleum Liquids and Gases. 
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the shell, even though hemispherical heads are subject to only half the hoop 
stress in the shell. A head of this size could not have been practicably fabri- 
cated out of plate thinner than that required for the shell without causing 
undue distortion during the welding process. 

Design for Vacuum Operation—The calculation of the thickness of the 
plate required to resist external pressure is based on the method employed 
by the ASME Boiler Code, Section VIII for Unfired Pressure Vessels, except 
for adjustments for factor of safety and temperature. 

Reference is made to Fig. U-19 on page 90 of the 1940 edition of this 
section of the above code, which is a chart for determining shell thickness 
of unfired cylindrical pressure vessels subjected to external pressure when 
constructed of steel with a minimum tensile strength of 55,000-pounds per 
square inch. 

The theoretical and empirical equations involved and the basis of con¬ 
struction of this chart are presented in the article “Vessels Under External 
Pressure” by D. F. Wmdenburg, published in the August 1937 issue of 
“Mechanical Engineering.” 

The t/D lines on this chart are based on a factor of safety of 5 and the 
following physical properties of steel at room temperature: 

Yield point Sr = 27,500 pounds per square inch, in accordance with 
A.S.T.M. Specifications for 55,000 pounds per square inch minimum tensile 
strength steels. 

Modulus of elasticity E = 29 X 10 6 pounds per square inch. 

Poisson’s ratio u = 0.30. 

Where the t/D lines are horizontal in the upper left hand corner of the 
chart, the formula used to determine the working pressure p is: 

5 p ■= 2 Sr (t/D) 

1.05 1 ' 

This is merely the hoop stress formula with a 5 per cent reduction factor 
applied to short vessels. 

The region where the t/D lines are sloping applies to vessels that fail 
by instability at stresses below the yield point. The following formula is 
used here to determine the working pressure: 

2.60 E (t/D 

p ““ (L/D)— 0.45 (t/D)V 2 V' 

Where L = length of vessel between tangent lines or between centers 
of circumferential stiffeners measured paralled to the axis, in inches, and D is 
the outside diameter of shell in inches. A discussion of this formula and its 
derivation are given in a previous article by D. F. Windenburg and C. 
Trilling, “Collapse by Instability of Thin Cylindrical Shells Under External 
Pressure”, published in ASME Transactions, Vol. 56, 1934. 

In this case, stiffeners were placed on 6-foot centers to correspond to 
spacing of main tray support beams, therefore L = 72-inches. Assuming 
thickness is approximately 1-inch per internal pressure design, D = 396 + 

2 X 1 = 398-inches. 

72 

Then, for L/D = = .181, and the maximum external pressure p of 

15 pounds per square inch (for vacuum), the corresponding value of t/D on 
Fig. U-19 is .002. 

Therefore t = .002 X 398 — .796-inch. 
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This figure is then adjusted for the factor of safety of 4 as specified in 
the APTASME Code, or .796 X~|- = .637-inch. 

This being the required net thickness at room temperature, a final adjust" 
ment must be made for the design temperature of 800 °F. Since the coordi" 
nates of this t/D point on the chart appear on the sloping part of the t/D 
lines, the adjustment for temperature depends on the corresponding variation 
in the remaining variable in the equation for that part of the chart, that is, 
E in equation ( 2 ). 

The following formula for the modulus of elasticity at temperatures above 
normal was originally presented in the ASME Transaction for 1928 and is 
now published in chart form in 1 Piping Handbook" by V/alker and Crocker 
(McGraw Hill Book Co.): 


Where E 32 = E at 32°F., that is, 29 X 10 ° psi 
For 800°F., E = 23.2 X 10 6 psi 

Then the corrected value for t at 800°F. is .637 X” 1KJ - = ,796-dn. 

23.2 X 10 e 

Coincidentally, the opposite adjustments for factor of safety and temperature 
in this case are compensating. 

Adding J/idnch corrosion allowance to the above, the total thickness 
becomes .796 ~h .25 = 1.046 or "inches. 

This is, therefore, the governing shell plate thickness. The heads are 
made the same for reasons of uniformity in welding and structural and 
hydrostatic loads, as explained above. 


Design for Vacuum Stiffeners—A standard formula for the buckling load 

3 E I 

of a circular ring under uniform external pressure is q — —where q is 

the load per unit circumferential length of the ring and r is the radius of the 
neutral axis of the ring. 

For safety in design the external load is increased 10 per cent. 
Calculations and tests show that the combined moment of inertia I of 
the shell and stiffener was anywhere from 30 per cent to 70 per cent greater 
than the I of the stiffener only. The lower limit of 30 per cent was conserva- 
tively adopted, and a formula derived omitting the effect of the shell from 
the strength of the stiffener entirely. 

Substituting in the above formula I = 1.3 Is, 1.1 (4p) L = q, and D/2 
== r, it becomes 


I 


0.140 


Where I s is the required moment of inertia of the stiffening ring. Substituting 
the necessary values, 

T 0.140 X 098)3 X 15X72 _ 112 - n4 
Xa — 23.2 X 10 6 

In order to avoid stresses due to differential expansion the outstanding 
member of the stiffener was to be attached to the inside of the shell (it would 
have been difficult to provide insulation around an external ring) and thus 
would have the same temperature as the shell to which it is attached. The 
final design and corresponding calculations are shown in Fig. 5. 
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Design of Supports—For a difference in temperature of approximately 
700°F. between erection and operation, the tower would expand 1%-inches 
in diameter, pushing each column at the tangent line out from the center 
by %-inch. Fixing the base of the columns by anchor bolts would, there¬ 
fore, create high stresses in the columns and the attachment welding to the 
shell. Because of the large diameter and total weight of the tower, the over¬ 
turning moment due to a commonly specified 30-pounds per square foot wind 
pressure on the projected area was not big enough to overcome the stability 
of the tower;-hence the column bases need not be fixed. It was, therefore, 
decided to eliminate these thermal stresses by allowing the columns to 
expand with the tower, on 6-inch diameter steel rollers. The columns were 
designed on the basis of a complete hydrostatic test, with a total load cal¬ 
culated as follows: A 

Approx. 

Wt, Lbs. 


Tower shell, attachments 6? beams. 800,000 

Tower trays & minor supports. 450,000 

Water for hydrostatic test (58,000 cu. ft. @ 62.4)—. 3,620,000 

Insulation. 80,000 

^ Piping . 20,000, 

Platforms . 10,000 

Booster pumps and barometic condenser. 150,000 


Total weight supported by columns. 5,130,000 


Because of the rollers, the columns were made as short as possible, in 
the form of brackets, just long enough to have the head clear the concrete 
ring. Most of the water load being only temporary, a stress of 15,000-pounds 
per square inch was used and resulted in a required area of 342-square inches. 
Using 12 columns, each column stub required 28.5-square inches sectional 
area. This applies only to its unsupported length, confined to a few inches 
above the base plate which rests on three 6-inch diameter by 2-foot long 
rollers. 

At high operating temperatures, only a fraction of the liquid weight 
would be supported (5-inches on trays, or 340,000-pounds) causing the 
stress to fall below the allowable at 800°F. The design was, therefore, safe 
for all conditions. The rollers were confined to radial movement in boxes 
anchored in the concrete foundation ring to prevent side slippage, and keep 
the center line of the tower stationary. The center line of the column stub 
bases coincides with the extension of the shell plate, that is, 16-feet, 6-inches 
from centerline of tower. 

Calculations determining the heat transfer from the shell into the support 
columns indicated that considerable thermal stresses would be set up in the 
welds attaching the columns to the head plate. In order to keep these stresses 
down, the following precautions were specified: 

1 . The temperature difference between the shell and the outside edge 
of the support is to be maintained as low as possible by means of heating 
coils fastened to the columns and connected before the tower has been 
brought up to operating temperature. 

2 . To facilitate the heat conduction from shell to supports, all plates 
and brackets' are welded through their entire thickness, for their entire 
length of 12-feet; 4-feet, 6-inches above the tangent line to the shell and 
7-feet, 6-inches below the tangent line to the head, providing complete 
contact, and distributing the stress caused by the transfer of the weight from 
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shell to supports over as large an area as possible. This also insures greater 
rigidity of shell and head at those points. 

3 . The column and roller bearing housings will be completely insulated, 
and enclosed in a No. 16-gauge steel casing. 

4 . The attachment welds will be mechanically stress-relieved by peening, 
that is, tapping with a specified sise air hammer to relieve locked-up stresses 
and close cracks. Thermal stress-relief may cause distortion preventing the 
careful fitting required by the close tolerances. 

Proposed Method of Field Erection—The concrete foundation for the 
tower was designed for the same loading as the supports, and due to the 
low soil bearing pressure, piles were required. The top of the concrete ring, 
3 -feet thick and 3 3-feet mean diameter is 23-feet above grade. The steel 
boxes housing the rollers are anchored in the top of the concrete ring so 
as to permit only radial movement of the rollers and tower. Using an 
allowable compressive stress of 625-pounds per square inch for concrete, 
the base plate will be 24-inches x 30-inches. 

The heads are shipped to the site in 13 pieces each. The center, or 
crown piece, is approximately 10-feet in diameter and formed into a 
spherical dish with a 10-foot, -6-inch' radius. The other 12 pieces are in the 
shape of spherical segments resembling orange peels, with the edge tangen¬ 
tial to the shell being 30° of a 33-foot diameter circle, to the middle of which 
the support column stub is already welded. They are carefully formed with 
the aid of a template so that when tack welded to the edge of the crown 
piece they form a 33-foot diameter hemisphere. 



Fig. 5. The final design and corresponding calculations. 
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The crown piece is lifted into place with a derrick into a carefully built-up 
crib inside the concrete skirt so that it occupies exactly its final position. Each 
of the 12 segments is then successively lifted into its proper place and tack 
welded to the crown piece, with the column stub resting on the rollers. The 
segments are also tack welded to each other as they fit into place to form the 
hemisphere. This is a delicate operation requiring extremely skilled work¬ 
manship. The top edge must then be perfectly round and horizontal; it is 
the tangent line, where the straight shell is welded onto the head. The tops 
of column brackets will be extending 4-feet, 6-inches into the air. They will 
act as guides for erecting the first course of the shell. 

The 46-foot high straight shell will be erected in 6 courses or rings, each 
of approximately 8-foot height. Each ring will be of four 90° segments rolled 
in the shop with edges machined and grooved for welding. Each section 
has a guide lug tack welded to it for the next course. This lug has a hole 
drilled in it so as to also serve as a lifting lug. It is then lifted into place and 
tack welded to the section underneath, until the ring is complete; then the 
seams are completely double butt welded. Thus the total number of feet of 


l 1 /^-inch thick seam welding is calculated as follows: 

Ft. 

7—Circular seams 3 3-ft. dia. = 728 

4—Vertical seams 46-ft. long = 184 

2—Circular seams around crown piece 10-ft. dia. = 63 

24—radial seams in heads @21 ft.-long* = 504 


Total lineal feet = 1479 


, i / ( 33 ^—io) 

* Length radial seams = «/2- 2 - — 21 

At 4.25-pounds per foot this requires 6300-pounds of electrodes. This 
can be deposited at a rate of about 4-pounds per man-hour using a % f5 -inch 
rod, making a total of 1575 man-hours, @ 1.25 = $1970. 

The total cost per foot of 1%-inch weld is therefore calculated as follows: 


Direct labor.$1970 

Field equipment, power and supervision 60% of labor.... 1180 
Cost of electrodes, 6300-lbs. @ $0.10. 630 


Total Cost for 1479-ft...$3780 


= $2.55 per ft. 

This figure would be extremely difficult to duplicate, much less surpass, 
by any other method such as riveting. 

The 8 stiffeners are located so that each ring has at least one, which 
helps maintain the close out-of-round tolerance. The internal horizontal 
bar is flame-cut in the shop in 60° segments out of rectangular plates care¬ 
fully laid out so as to leave a minimum of scrap, and as close to the exact 
diameter as possible, probably within J^dnch. 

After the first course of shell plates is erected and welded together, the 
horizontal line for the top of the stiffener bar is laid out by means of a 
transit to insure being within M 6 -inch G f the same horizontal plane all 
around, and lJ4-mch x 12-inch triangular shelf brackets welded along this 
° n a PP rox ™ ateI y 3-foot centers, with %-inch continuous fillets. The 
60 sections of the ring are then laid on these brackets and butt-welded 
together to form one continuous ring no more than ]4-inch out of round, 
the ring is then continuously welded with %-inch fillets on both sides 
o he shell and to the brackets. This tends to draw the shell into the same 
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close tolerance circle as the ring and insures that no part of the shell will 
exceed the /8;mch out-of-roundness specification. 

The outside icinlorcing band is then welded on with 34'inch stitch 
welds 2"inches x 4-mchcs, to provide the additional shell rigidity required 
along that plane. The stiffener rings are spaced 6-feet apart and so located 
that they also serve as scats for the 5"foot 6"inch deep tray beams, which 
are bolted to them, additional brackets being welded to ring and shell at 
those points to transfer the load from the ring to the shell. The total weld" 
ing per stiffener is thus approximately 480"lineal feet of %-inch fillets or 
800-pounds of welding wire .This is a total of 6400"pounds for the 8 
stiffeners required, the top and bottom ones not acting as beam supports. 

This probably cannot be deposited at a rate exceeding 3-pounds per man- 
hour, making a total of 2133-man-hours @ $1.25 = $2665. Another 
method of attachment, such as riveting, would not only cost considerably 
more, but would not even be feasible unless considerably more steel were 
added in the form of angles and flanges. Even with additional steel, the 
tolerance requirement could probably not be met with riveting; welding 
would appear to be the only practical method of construction. 

Strength of Welds—The strength of welds was carefully calculated per 
the A. P. I."A. S. M. E. Code. While the ultimate tensile strength of weld 
metal is about 60,000pounds per square inch, it is only allowed the same 
tensile strength of the adjoining steel as given in the A. S. T. M. specifica¬ 
tions. The efficiency of fillet welds according to the code for structural 
steel (Group C) without stress-relieving and X-ray is 51 per cent. The 
allowable shearing stress is 0.8 of the tensile stress, allowing a stress of 
55,000 x .18 x .8 x .51 = 4040-pounds per square inch @ 800°F. for welds 
perpendicular to the load. For welds parallel to the load, the allowable stress 
is 75 per cent of that, or 3030-pounds per square inch. The area is measured 
along the throat of the weld, and J/i-inch corrosion allowance must be 
deducted from all internal welds on permanent attachments, leaving a net 
corroded area for %-inch fillets of .75 cos 45° — .25 = .28-square inch per 
lineal inch, or allowable stresses of 1130-pounds per lineal inch and 850- 
pounds per lineal inch for perpendicular and parallel loads, respectively. 

Miscellaneous Internals —As indicated on the arrangement sketch (Fig. 1 
1) below the 4 vapor outlet nobles in the top head are 4 impingement baffles, 
or mist extractors, designed to trap any liquid particles that may tend to be 
drawn off with the overhead vapor. These consist of an intricate circular 
arrangement of vanes and baffles. Individual vanes and the bottom baffle 
were of welded construction, but bolted to the welded top support baffle 
to permit removal and inspection. 

The internal shells for the 24-foot and 29-foot diameter trays are %'inch 
plates supported by 34-inch gusset plates continuously welded to the shell 
plates and the top head. The main girder supporting the two trays in each 
section is a 46-inch deep, built-up beam of 1-inch web and 1-inch by 14-inch 
flange plates, designed and installed as the beam for the 33-foot diameter tray. 

The bottom 5-feet of the 3 3-foot diameter shell is the inlet or charge 
section. Here the partially vaporised charge comes in through three 16-inch 
tangential nozzles spaced at 120° intervals in the same horizontal plane. 
A wear plate ^ 4 'inc h by 5-feet is stitch welded 1-inch by 9-inches on both 
sides all around the circumference on the inside of the shell to prevent erosion 
and corrosion due to the tangential charge inlets. A large impingement baffle 
with 24 vane plates y 2 -inch x 2-feet 6-inches x 5-feet arranged in a 20-foot 
diameter circle with a conical partition plate j/ 2 -inch thick bolted to a ring 
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at the shell will prevent liquid in the form of mist from going up the tower. 
This baffle is completely welded except at points of support and attachment 
to shell where slotted bolt holes provide for expansion due to the high 
temperature of the baffle. 

The shell for the bottom 14-foot diameter trays is constructed similarly 
to the reduced sections in the top head of %-inch plate bolted at points 
of support and attachment to the bottom head. 

Hydrostatic Test—Erection of the tower shell on the foundation is 
scheduled to start about September 15, 1942, with the tower to be completed 
about February 15, 1943. The main tray beams are installed as the shell 
erection progresses in order to add stability to the structure and facilitate 
access to the interior. The minor tray supports and the tray decks proper 
are then to be installed before the top head is welded on in order to save 
time. The common method of installing trays through the manholes requires 
more time due to restrictions of space and number of men that can be used. 
After all internals except those in top head are installed, the top head is 
welded on, all manhole and connection covers are bolted and gasketed 
properly, and the entire vessel given a hydrostatic test in accordance with 
the A. P. I.-A. S. M. E. Code. 

This requires a test pressure of 1.5 X design pressure, or 45-pounds 
per square inch measured at the top of the tower, and repeated at subsequent 
periods throughout the life of the vessel, i.e., until the J^-inch corrosion 
allowance has been used up, when the vessel can still withstand such a test. 
Since it is more convenient to attach and read the gauge at the bottom, the 
hydrostatic head of liquid or 46 + 33 = 79-feet of water = 35-pounds per 
square inch is added to the test pressure at the top, giving a gauge reading 
of 80-pounds per square inch at the bottom. 

After the satisfactory completion of the hydrostatic test (showing no 
leakage) the tower is ready for the finishing touches to be applied before 
operation is started. The piping will be connected to the nobles and the 
insulation applied, together with the welded attachment of steel platforms 
and access ladders. The unit is expected to be ready for operation about 
April 1, 1943. 

Proportionate Savings Due to Welding—The fabricator’s price for fur¬ 
nishing all materials, completely fabricating, field erecting, and testing this 
tower shell and all internals except trays, as previously described, is $120,000 
—for an estimated weight of 800,000-pounds, or 15-cents per pound. The 
total estimated amount of arc welding electrodes for the complete fabrication 
and erection is approximately 30,000-pounds. 

Before the use of arc welding became extensive in the construction of 
fractionating towers, riveting was the common method of construction. As¬ 
suming that this tower could practicably be of complete riveted design and 
construction and still maintain the rigid tolerance requirements, which is 
dubious, there would be considerable additional weight of material and cost 
involved. 

The welded efficiency of 78 per cent can presumably be duplicated by 
a riveted joint, with no change in shell thickness resulting. However, the 
butt straps, the angle flanges on the stiffeners and beams, the additional clips 
and gussets required for the complete riveted design would result in addi¬ 
tional weight of metal of at least 15 per cent or conservatively, 120,000- 
pounds. The tremendous number of rivets required for all the attachments 
on this tower would result in a higher labor cost per unit weight, due to 
the layout and drilling of holes, shop and field riveting, caulking edges and 
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joints, and grinding heads of rivets to clear trays. After completion of erec" 
tion there would probably be repairs necessary to straighten out attachments, 
meet tolerances, and repair leaks discovered in a hydrostatic test by seal 

welding. 

The relative costs of the tower shell and attachments, exclusive of trays, 
may be estimated to be distributed as follows: 


Welded Tower 


Shop overhead, 150% of labor .. 

Field erection and test . 

Field equipment and supervision 
60% of erection labor . 


@ 

.05 

$40,000 

920.000 lbs. @ 

.05 

@ 

.02 

16,000 

@ 

.025 



24,000 


@ 

.025 

20,000 

@ 

.03 



12,000 



@ 

.01 

8,000 

@ 

.01 


Riveted Tower 
$46,000 
23,000 
34,500 
27,600 

16,560 
9,200 


$120,000 $156,860 
= $0.15/lb. = $0.17/lb. 

The savings of $36,860 = 23.5 per cent of the cost of the riveted 
tower, or 30.7 per cent of the welded tower. Tray savings have already 
been stated above. 

Total Savings by the Company and Industry—The author’s company, 
one of the major engineering firms engaged in the design and construction 
of refineries for war products such as toluene and high octane aviation 
gasoline is now constructing refineries with welded towers and tanks weigh" 
ing approximately 20,000tons at $300 per ton = $6,000,000 investment 
in welded pressure vessels. On the basis of the above comparison, the saving 
is 30.7 per cent over riveted construction, or $1,840,000 total annual savings 
by the company in this phase of its war effort. 

The total annual gross savings throughout the petroleum refinery and 
allied chemical industry is difficult to estimate; but considering that the total 
value of such construction in the present war effort is in the order of 
$1,500,000,000, it appears that the total value of welded vessels is approxi" 
mately $200,000,000, and that a savings in the order of $60,000,000 is 
a conservative estimate. 

In addition to the above monetary savings, the use of arc welding 
results in a number of other advantages. The service life of welded towers 
is lengthened by welded replacement of corroded internal parts, which could 
not easily be replaced any other way due to limited means of accessibility. 

Greater efficiency of fractionation, and therefore more useful products, 
is obtained by welding, since any other method would probably not meet 
the tolerance specifications. 

The savings of 15 per cent in weight of metal required indicates a 
greater efficiency in the use of our available resources and materials toward 
obtaining the desired result, and at this time is of supreme importance in 
our war effort. This economy of materials also leads to economy of time 
in construction; the 15 per cent extra weight would presumably take at least 
15 per cent more time for erection. Actually, the saving in time, and the 
consequent start of production of the lube oils, is much greater than that, 
since riveted construction involves the handling of many more small parts, 
which by welding can be more efficiently prefabricated in the shop. 

The fact that riveted construction in oil refinery equipment has become 
almost obsolete in the last 10 years by the use of arc welding is a certain 
sign that industry is quick to recognise and take advantage of these overall 
improvements. 









Chapter XXVI—Batching Scraper for Crude Oil Pipe Lines 
By Robert M. Carter, 

Engineer , Line Maintenance Department , Stanolind Pipe Line Co., 

Tulsa , Oklahoma. 

Subject Matter: A batching scraper for crude oil pipe lines de- 
signed for arc welded construction. It is necessary that the re* 
finery know what grade of crude oil is being supplied and when 
delivery from different areas is made through the same pipe. It 
is important that the two batches be properly separated with a 
minimum of mixing. Previous to the present design, pipe line 
scrapers were sent down the line for this purpose. The disad¬ 
vantages of this were: inefficiency in separating batches, high 
maintenance cost as a result of wear and breakage due to jam¬ 
ming. This unit was replaced by a simple batching scraper which 
consisted mainly of two rubber discs mounted on a central body 
behind a guiding conical-shaped framework. Not only did this 
unit improve separation, it also reduced the cost and maintenance 
and improved pipe cleaning. A considerable saving because of 
less repairs and less waste oil is expected. 

The arc welding process is extensively used by pipeline companies for 
constructing and maintaining pipe lines and fabricating manifold piping 
systems. Interest in the larger projects often diverts attention from the 
benefits to be derived from the use of arc welding in the production of 
specialised tools and equipment, which may effect better economies in other 
phases of the companies' operations. It is hoped that the experience related 
in this paper will focus greater attention to the possibilities of this application 
of arc welding. 

In the early development of overland pipe-line systems for transporting 
crude oil, oil from various producing areas was mixed together in the main 
trunk-line system and delivered to the refineries in conglomerate streams. 
Present refinery practices make it desirable to preserve the identity of crude 
from certain producing areas, which may differ greatly in specific gravity and 
physical composition from crudes in neighboring areas, and require separate 
deliveries to the refinery. Delivery of two or more separate and distinct 
grades of crude through a single-line pipe-line system is accomplished by 
"‘batching"; that is, the batches of different grades, which may be 10,000 
or several hundred thousand barrels in volume, are pumped through the 
pipe line in successive rotation, one immediately behind the other. 

These batching operations, through pipe-line systems usually several hun¬ 
dred miles long, present many problems, one being to prevent mixture or 
intermingling of the crudes at the interface of the opposing columns as they 
travel through the pipe line; in other words, to prevent a mixture between 
the heads and tails of the batches. In the absence of a better method of 
preventing this contamination the usual practice has been to insert between 
batches a mechanical device known as a “pipe-line scraper" or “go-devir’ 
which was originally designed for removing paraffin deposits from the 
internal surfaces of pipe lines and has been in general use for this cleaning 
service throughout the industry for over 20 years. 

The use of ordinary pipe-line scrapers has proved unsatisfactory for 
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Fig. 1. Design of 8-in. batching scrap©? for erad® segregation. 
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batching operations due to inefficiency and high maintenance costs. It 
became evident that a special separating device should be used and, as 
none was available on the market, one major pipe-line company solved 
this problem by providing a specially designed plug or scraper. This special 
device (Fig. 1), which will be called a “batching scraper"' due to its simi¬ 
larity to the conventional type, subsequently proved to be very successful. 
Before continuing with a report on its construction it will be necessary first 
to discuss briefly the mechanical principles involved in the operation of 
scrapers so that a better comparison may be made of the mechanical fea¬ 
tures, initial and maintenance costs, and advantages in batching operations 
of the new batching scrapers with respect to the old-type scrapers pre¬ 
viously used. 

Operation of Scraper—The old-type scraper is propelled through the 
pipe line by the force of the oil stream acting against circular disks. Friction 
between the moving scraper and the pipe wall resists the force of the stream, 
consequently a hydraulic pressure drop is set up from the rear to the front 
of the scraper which tends to produce a flow of oil around it. This continual 
bypassing of fluid results in the scraper traveling at a slightly slower rate 
of speed than the stream, and in traveling a distance of many miles it is 
evident that a considerable volume of oil from the batch of crude in the 
rear may be permitted to flow around the scraper and mingle with the dis¬ 
similar batch of crude ahead. It follows that in designing a special scraper 
for batching operations every effort must be made to reduce friction, thereby 
reducing the pressure drop across the scraper, also to maintain an effective 
seal between the propelling disks and the pipe wall so that a minimum 
amount of oil will flow by the scraper. 

This company installed flat rubber propelling disks on all of its factory- 
made scrapers about 5 years ago through the use of shop-made adaptor parts; 
and later, in cooperation with a leading rubber company, developed the cup¬ 
shaped synthetic-rubber disk shown in Fig. 2 which was subsequently 
patented. These alterations improved the scrapers for both cleaning and 
batching operations; however, entirely satisfactory results were not obtained 
and high maintenance costs persisted. 

It may be observed that a pipe-line scraper is composed of over 100 
separate parts constructed of small bronte castings and machined-steel shapes. 
Knives scrape the inside pipe wall to remove paraffin deposits. The guide 
wheels attached to the ends of guide arms rotate against the pipe wall and 
serve to support the scraper. In traveling distances of many miles these parts 
are subjected to an enormous amount of wear and our experience has been 
that the complete assembly of knives and wheels must be replaced after each 
run of 40 miles, at a cost of about $10 for parts alone. In addition to replace¬ 
ments, due to normal wear, these projecting parts frequently catch on the 
seat rings of gate valves, pipe couplings and other obstructions in the line 
and are broken. W r hen such failures occur the entire scraper is likely to 
lodge in the line and be demolished by the force of the oil stream. A complete 
new site 8-inch scraper may be purchased for about $70, list price. 

Since the company maintains a well equipped and efficiently organised 
welding shop,^ combined with a modern machine shop, it was decided to 
develop a design which would utilise the economy and facility of the arc 
welding process and could be constructed of scrap materials available from 
other fabricating work conducted in these shops. The use of steel castings 
was briefly considered but was discarded as impracticable due to limited 
a Pphcation, excessive weight and the prohibitive cost of special patterns, 
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Section A*a 


Fig. 2. Cupped rubber disk for line scraper. 

also in view of the fact that it would have been necessary to obtain these 
castings from an outside concern at a time when such materials are urgently 
needed in the national war effort. 

As a result, the simplified size 8-inch batching scraper, previously referred 
to and illustrated in Fig. 1, was designed. Guide arms and scraper knives 
were dispensed with since they serve no useful purpose in batching opera- 
tions, produce friction, and are’ expensive to maintain in good repair. The 
use of cup-shaped synthetic-rubber disks was retained as it was thought they 
would effect a more positive seal against the pipe wall than any other type 
of disks available. The principal parts constituting the complete assembly 
and their purpose are as follows: 

(a) Two size 8-inch cupped synthetic-rubber disks, the purpose of which 
has already been mentioned. 

(b) Two flat-type synthetic-rubber disks which provide additional sup¬ 
port for the flexible cupped disks. These are obtained by salvaging worn-out 
disks from the next larger size scraper and turning on a lathe to the dimen¬ 
sions given. 

(c) A front body which consists primarily of a circular steel plate for 
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supporting the rubber disks and a coni cal "shaped framework for guiding the 
scraper through gate valves in which the steel disks might lodge. 

(d) A central body of the proper length to place the rubber disks a 
distance apart sufficient to span the annular space between the seat rings 
of gate valves and side openings in the pipe lines where branch lines 
are connected. It should be observed here that if both disks were placed 
within the limits of such openings the scraper would lodge as the oil stream 
would be permitted to flow around it. 

(e) A long bolt through the center for assembling the component parts 
and to permit the replacement of the rubber disks which incidentally are the 
only parts subject to wear. 

(f) Two steel bushings, cut from l^dnch pipe, slightly shorter in length 
than the thickness of each pair of rubber disks. These bushings materially 
increase the resistance of the body to bending stresses by providing metal 
to metal contact throughout the entire length of the scraper after the bolt 
is tightened sufficiently to compress the rubber disks. 

Three size 8 -inch batching scrapers were built in the company’s com¬ 
bination welding and machine shop during the month of April 1942. The 


unit construction costs are reproduced below: 

Material 

2 new 8 " cup"type rubber disks at $4.80 each.$ 9.60 

2 salvaged 10 " flat rubber disks at $1.50 each. 3.00 

0.5 sq. ft. second-hand tank steel.25 

0.4 sq. ft. J/ 4 " second-hand tank steel.10 

1.0 sq. ft. second-hand tank steel...30 

1 . 6 ' 1 hi" std. BM pipe.18 

1.6' 1" extra heavy seamless pipe.36 

1 V /4 by 6 V 2 " machine bolt with nut.33 

2 lb. Fleetweld No. 5 electrodes.15 


Total material .$14.27 $14.27 

Labor 

Cutting —1 hr. at $1.07.$ 1.07 

Alignment and welding—2 hr. at $1.28. 2.56 

Machine work—1 hr. at $1.28. 1.28 

Assembly —/z hr. at $1.07.54 

Shop overhead ......... 2.00 


Total labor....... $7.45 7.45 


Total cost for each scraper.... $21.72 


As mentioned before the initial cost of an 8 -inch scraper of the type 
previously used is approximately $70. Subtracting from this the cost of con¬ 
structing the new scrapers, at $21.72 each, the unit saving is found to be 

tn/f/at Pump/ng Booster Booster Refmery 

3 tat/or? A 3 tot/or? B 3 tat/or? C lerrntnaf 

D 

96 Mi/es //O Afj/es J34 Mi/es 


Fig. 3. Plat of line on which test was made. 
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Fig. 4. Observation of oil run with old-type scraper showing mixing of batches. 

$48.28. Quantity production of 12 to 15 units at a time probably would 
reduce the labor and overhead costs to about $5 each. Further development 
may increase the material costs. One improvement being considered is the 
use of the more expensive high tensile steels which would permit a reduction 
in weight by decreasing the thickness of the tubing and plates; however this 
must be postponed until the current shortage of special steels is abated. 

Attention is called here to the fact that this is an example of the economies 
reflected by changing a complicated design composed of cast and machine- 
made parts to a much simplified design made possible by the development 
of the arc welding process. It is not a cost comparison of different methods 
of producing an identical design. 

These batching scrapers were first used in a batching operation through 
an 8-inch single-line system briefly diagrammed in Fig. 3. 

As a means of checking the degree of contamination between batches 
of crude the procedure has been to take A. P. I. gravity readings of samples 
drawn from the oil stream at Booster Station C at 30-minute intervals during 
the period when the batching scraper is expected to arrive at this point. 
Charts are reproduced below of hourly average gravity readings taken at 
the tail ends of two batches of the same type of crude which passed Station 
C on April 9, 1942, and May 2, respectively. In the first operation an old- 
type scraper was used with cup-shaped rubber disks installed. In the second 
operation the new batching scraper was used. 

An inspection of these charts reveals conclusive proof of the superior 
efficiency of the new batching scraper. In the first case. Fig. 4, at the time 


g. 5. 
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33 ° Gravity 
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Observation of oil run with batching scraper showing complete separation. 
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the old-type scraper had arrived at Station C it had lagged behind the 
interface of the opposing columns of oil which resulted in the contamination 
of approximately 400 barrels at the tail end of the batch. In the second 
case, Fig. 5, the new batching scraper arrived at Station G at approximately 
the same time as the interface of the columns and a clear separation between 
the crudes was maintained. 

Three of the new scrapers were used in carrying out this batching 
program from Station A to the refinery terminal, approximately 340 miles 
apart. At the completion of the operation all three were in good condition 
except for normal wearing of the rubber disks which would have occurred 
on any type of scraper used. Although a record was not kept of the repair 
parts required for the old-type scrapers in the previous batching operation, 
it is estimated from past experience that at least eight sets of knives and 
guide wheels would have been worn out and replaced at a cost of $80. Other 
repair parts and labor probably would have increased this expense to at least 
$150, all of which was avoided by the use of the new batching scrapers. 

The first trial of the new batching scraper also revealed its advantage 
for use in cleaning the internal surfaces of pipe lines, a result which was 
not anticipated. A considerable amount of sand and mill scale was received 
from the line immediately in front of the scraper at Station B, sufficient in 
volume to foul the pumps and necessitating the repair of the pump valves. 
This portion of the company’s pipeline system was constructed in 1939 
and since that time conventional scrapers had been run numerous times 
for the purpose of cleaning the lines. At no previous time had amounts 
of sediment greater than a few gallons been removed. Scrapers were run 
only 3 months prior to the batching operations discussed. One would expect 
that all foreign objects, such as mill scale, left in the line at the completion 
of its construction would have been removed during the first year of opera¬ 
tion. The fact that the new scrapers thoroughly cleaned the line of sediment 
passed over by the old-type scrapers shows their superiority for this service. 

Due to the satisfactory results of this experiment, the company proposes 
to construct additional batching scrapers, of sizes suitable for pipe lines of 
various diameters, to be used in future crude batching operations. If later 
experiments substantiate the above evidence that the wiping action of the 
rubber cups thoroughly cleans the line without the use of expensive knives 
and wheels, their use will be extended to this essential service as a means 
of reducing the high maintenance costs involved in periodical, internal clean¬ 
ing of the several thousand miles of pipe line operated. 

A conservative estimate of the gross annual savings, accruing to this 
company through the use of batching scrapers, may best be based on the 
total number of old-type scrapers in service. A recent survey of the entire 
system revealed that approximately 200 scrapers varying in sues from 3-inches 
to 14-inches are in service, the average size being 8-inches. At least 25 new 
scrapers are required each year for replacements and extensions of operations. 
Considering the cost of the 8-inch size as a fair average, a direct saving of 
$1,207 would result from filling this requirement with the new batching 
scrapers built in the company’s shop which, as stated above, may be pro¬ 
duced at a cost of $48.28 below the purchase price of scrapers of the old type. 

It is estimated that the total annual cost of repair parts for the old-type 
scrapers, not including rubber disks, is in excess of $5,000. A policy of dis' 
continuing the purchase of scrapers, if adopted, would eventually result in 
the exclusive use of batching scrapers, in which case the $5,000 yearly 
operating expense would be eliminated. 
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egregation between batches. A device of this kind is more urgenriv 
needed among pipe-line companies engaged in the transportation of rlfined 
products where it may be necessary to handle through a single-line system 
as many as seven different products, ranging from the heavier fuel S to 
highest gasolines, which are relatively more valuable than unrefined crude 

In conclusion, the facility with which this special tool was produced 
demonstrates the unlimited possibilities in the application of arc welding 
for producing substitutions for special tools and equipment, essential to the 
operation of companies not engaged in manufacturing, which may soon 
be unavailable from the usual sources. If such companies are to continue 
to operate efficiently throughout the present national emergency much in¬ 
genuity must be exercised along these channels. 



Chapter XXVII—Modem Welded Blast Furnace 

By Regis F. Fey, 

Structural Engineer, Pittsburgh'Des Js/loines Steel Co., Pittsburgh, Pa. 


Subject Matter: The design, function, construction, cost and 
features of a welded 1,000-ton-per-day blast furnace. This blast 
furnace, complete with auxiliary equipment, was constructed in 
eight months' time as compared to twelve months for a similar 
riveted furnace. The welded furnace and equipment as compared 
to a similar riveted unit reduced the weight 417,000'pounds or 
12.9%, drafting cost $4,257 or 41.1%, fabrication cost $48,959 
or 39.9%, erection cost $45,800 or 44.5%, total cost $153,830 
or 35.2%. A lower maintenance cost is anticipated by using arc 
welded furnaces. 

Regis F. Fey 



Battleships, destroyers, tanks and jeeps are continuously rolling off our 
production lines. What burden does this place on the steel industry? Just 
this: 2,800-pounds of steel to build a jeep, 28-tons to build a medium tank, 
2,000-tons to build a destroyer and 40,000-tons to build a battleship. Each 
blast furnace built by arc welding increases production by 130,000-tons— 
enough iron, when refined into steel, to build 93,000 jeeps, or 4,600 medium 
tanks, or 65 destroyers or even 3 battleships. 

This increased production, so vital at present, is created by the reduced 
time required to build a welded blast furnace by permitting its operation to 
begin months earlier. The conventional riveted blast furnace requires 12 
months to build. The first welded furnace we built began pouring iron eight 
months after work was started. 

This modem welded furnace only recently has been adopted by the steel 
industry. During the period from 1930 to 1938 when arc welding was rapidly 
replacing older methods of fabricating steel in many industries, the steel indus¬ 
try itself was operating essentially with equipment built prior to that period. 
This was particularly true of the 220 blast furnaces in the United States. 

Recently the rapid increase of steel consumption by defense industries has 
caused the need for a considerable expansion of iron and steel production 
equipment. The blast furnace with its appurtenant structures is an important 
producing unit of the steel industry. Several new blast furnaces have recently 
been built or are in the process of construction to meet this rapidly increasing 
demand for steel. 

One of the first furnaces to be built under the expansion program was 
Furnace No. 3, being fired in December, 1941, with a rated capacity of 
400,000 tons a year—slightly more than 1,000 tons a day. In the fabrication 
of this furnace, the advantages of arc welding were applied to all of the struc¬ 
tures consisting essentially of steel plate work—the blast furnace shell, mantel, 
tuyere breast jacket, bosh bands, hearth jacket, dust catcher, whirler, hot blast 
stoves, gas and air piping and walkways. 

When the recent rapid expansion of the steel industry became necessary, 
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it was thought by some that to save time in building new furnaces, duplicates 
of the older furnaces should be made. This would eliminate to a certain ex- 
tent., the preparation of new designs and detail drawings. But upon further 
consideration, the advantages of arc welding offset this savings so that prac¬ 
tically all of the furnaces built recently have been welded. 

An example of this trend is the installation in which'the steel company, 
acting as general contractor on this project, had requested separate bids at 
different times on the various steel structures. The first of these was the blast 
furnace shell and mantel based on a riveted design. W'e suggested as an alter" 
nate an arc welded design. The estimated cost of the two structures indicated 
a substantial savings by using the welded design, (See Fig. 1). In view of this 
fact, the remaining structures were then considered only on the basis of a 
welded design. 


Design and Function In the following description of the steel design 
of the various structures, their functions in the operation of the blast furnace 
is also outlined. 


The extraction of metallic iron from its ore is performed in the furnace 
stack. Into the top of the stack is placed iron ore, coke and limestone in the 
proper proportions. Preheated air is forced in near the bottom. The intense 
heat of combustion melts the iron and slag impurities which then flow toward 
the bottom of the stack. The molten iron and slag is drawn off through 
notches near the bottom. The operation is continuous. The loading of the 
ore, coke, and limestone and the drawing off of the molten iron and slag are 
intermittent. 


The other structures are used either to place the materials into the top of 
the stack, to clean the exhaust gas, to preheat the air draft or to convey the 
gas and air to the various processes. 

The blast furnace and its accessory equipment including the gas cleaning 
apparatus, the piping and the hot blast stoves were designed for an internal 
pressure of 30-pounds per square inch. In addition to this pressure, the weight 



Fig. 1. Blast furnace shell. 
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Fig. 2. Welded blast furnace shell. 

of the structures, the loads of ore, coke, limestone, dust, brick lining and wind 
were considered. 

Furnace Shell—The furnace shell, made of V^in ch, Idnch and ljz&dnch 
plates, was entirely butt welded, (See Fig. 2). It has eleven courses, six plates 
to the course. All of the vertical joints were of the double U type, fabricated 
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by planing. The horizontal joints were double V. These edges were burned. 
The bottom of the shell was welded to the mantel with a double J joint 

The mantel having lj/g-inch thick flanges and a 2l/ 2 'inch thick web was 
also butt welded. It was shop fabricated in eight sections. The flanges were 
designed and shop welded to the web in such a way so as to reduce to a 
minimum the tendency to warp or distort the sections. In the field, these 
sections were welded together to form a complete ring. The webs all were 
joined by using a deep single U joint. This permitted all down welding. 

At the top of the shell, the top ring steel casting, made in four parts, was 
attached to the plate with welds as small as was practical—%-mch fillets on 
each side. 

The butt welded joints of the shell and mantel required special considera¬ 
tion in detailing the plates. A shrinkage of J/q inch was anticipated at each 
joint in the shell plates. Therefore, the plates were detailed and fabricated to 
the size required on the basis that the edges of the plates touched, then they 
were erected with a J/g-inch gap between the edges. 

A special welding procedure was also necessary. The method was to out¬ 
line a means of welding the joints in a sequence so as to reduce as much as 
possible a tendency to distort the structure due to the shrinkage of the joints. 
The following is the procedure as outlined by our welding engineer. 

Welding Instructions and Procedure 

1. Filler Rod Metal—“Fleetweld 5” for all seams. 

2. Qualification of Welders-—All welders must have passed previously 
the A. W. S. Qualification Test for the types of joints shown on the drawing 
or they must take the A. W. S. Qualification Test on the job before starting 
to weld. A record of each welder shall be kept by the foreman and papers 
for each new welder should be sent to the office. 

3. General—Each bead of welding shall be peened only sufficiently to 
break up slag. Chip out all cracked and poorly fused tack welds. 

4. Procedure—(a). Erect mantel sections FMl and FM2 and tack them 
together with the edges of the mantel sections in contact. Do not attempt to 
bolt the mantel ring to the columns with the 2-inch round bolts before the 
mantel is entirely welded. The mantel ring has been fabricated oversize to 
accommodate the welding shrinkages in the joints, and it is, therefore, impos- L 
sible to line up the holes in the mantel with the holes in the top of the columns jj 
until the mantel has been completely welded. The mantel, may, however, be J 
bolted lightly to the columns so as to hold it in approximate position with ? 
bolts that are lV^-inches or less in diameter. These bolts must be removed 
after the joints of the mantel have been continuously welded and replaced 
with the 2-inch round bolts. 

(b) , Establish the inside of the shell with punch marks spaced at about 
12-inch or 18-inch intervals on the top surface of the mantel. 

(c) . Erect the first ring of the shell by first tacking the vertical joints and 
then tacking the first ring to the mantel so as to hold the inside of the ring 
to the punch marks. 

(d) . After the first ring is rounded out and tack welded, the remainder 
of the shell and furnace top may be erected. 

(e) . Weld at least one-half of each vertical joint above and below a hori¬ 
zontal before that horizontal joint itself is welded. 

, (f), The furnace top should be welded in the following sequence: the 

radial joints first, the top plates to the shell second, and finally the plates to 
the top ring casting. 
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Fig. 3. Dust catcher. 

(g), Erect and bolt the liner castings on the furnace top after it has been 
entirely welded. 

A furnace shell requires exceptional care in fabrication and erection so 
that the complete structure is accurate in alignment and elevation. After this 
shell and top casting were erected and welded, a plumb-line dropped from 
the center of the top casting to the bottom of the furnace indicated no meas¬ 
urements out of alignment from the center of the furnace at the bottom. 
Measurements to determine the actual elevation at the top of the flange of the 
casting indicated a difference of only % 6 -inch from the previously figured 
elevation. 
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These results indicated a thorough understanding of welding shrinkage and 
distortion problems and applying this knowledge to the fabrication and weld' 
ing procedure of the structures. 

It may be noted that during erection and welding there is a certain amount 
of control, within limits, of the alignment and elevation of the structure, while 
for a riveted design, these factors depend entirely upon the accuracy of shop 
fabrication and does not allow for adjustment in the field. 

Furnace Accessories The lower part of the furnace from the mantel 
to the bottom of the hearth consists of a thick circular firebrick wall. The 
upper portion is encased by the welded tuyere breast jacket. Through this 
water-jacketed band pass the tuyeres. These inject the hot air blast into the 
furnace. In the firebrick from the bottom of the tuyere breast jacket to the 
bottom of the hearth arc embedded steel reinforcing bands. There are eight 
bosh bands made of 12- x 1 Winch bars. Each band is made in four sections. 
Splice bars arc welded to the ends of the bars in the shop. The rings are 
bolted together in the field. They range in diameter from 32-feet 6-inches to 
38-feet 6-inches. They are placed one on top of the other, increasing in diam- 
etcr toward the top. The bands are separated about 6-inches by spacer cast¬ 
ings. Below these are four hearth jacket bands made of 12- x 1%-inch bars. 
The splices are similar to those on the bosh bands. 

Dust Catcher-—The dust catcher, (See Fig. 3), is the first in a series 
of gas cleaning units. The exhaust gas from the top of the furnace is con¬ 
veyed through the uptake and downcomer pipes into the side of the dust 
catcher. About 40,()(JO-cubic feet of gas a minute, at a considerable velocity, 
passes into this large container. The reduced velocity in the dust catcher per¬ 
mits the larger particles of coke, limestone and ore dust to settle to the bot¬ 
tom. The gas then passes out through an opening at the top. 

Some interesting design features of this welded structure are: the smooth 
inside surfaces of the butt welded plates, thus reducing abrasion of the plates 
by particles of the dust-laden gas: the simplicity of the column connection to 
the shell: the connection of the top and bottom cone sections to the shell 
using a butt welded joint where previous riveted designs would require expen¬ 
sive flanging of these plates to make a lap joint: the compression ring at the 
belt seam, consisting of an angle and a bar: the simple welded detail trans¬ 
mitting the equivalent of this section around the column connection and the 
plain portal bracing in two panels of the tower. 

Whirler—The exhaust blast furnace gas then passes through the whirler, 
(See Fig. 4), at an average velocity of 550-feet per minute. The inlet gas 
pipe enters the shell at nn angle ?o that the incoming gas passes around the 
outside of the 7-foot 6-inch diameter uptake tube in a downward rotating 
motion and then passes up through this tube of the next cleaning apparatus. 
The gas whirling at a reasonably high velocity causes the dust particles to be 
thrown outward toward the shell by centrifugal force. These are 24 vertical 
vanes attached to the lower part of the shell to catch these particles, stopping 
their whirling motion and allowing them to fall by gravity to the bottom of 
the container. A cone, smaller in diameter than the whirler itself, is placed 
with its apex upward in the lower part of the shell. It permits the particles 
of dust to fall from the vanes downward around it and also prevents the 
rapidly moving gas from agitating an accumulation of dust particles in the 
bottom. 

Similar welded design features to those used on the dust catcher were 
incorporated in this structure. In addition, special consideration was given 
to the abrasion of the steel plate by the dust particles. A %-inch thick abra- 
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Fig. 4. Whirler. 

sion resistant steel plate, having a carbon content of .45 per cent was welded 
to the outside surface of the uptake tube and to the underside of the cone 
roof. These plates were attached by plug welds and joints were then sealed 
with a filler bead of “Shield-Arc 85” Rod. All of these welded surfaces were 
then ground smooth. It may be noted here that it would have been much 
more expensive to provide a smooth continuous abrasion resistant surface by 
any other method than welding. The shell plates from the cone roof down 
to the vanes were protected from abrasion by a brick lining. 

Hot Blast Stoves —After the gas is thoroughly cleaned, part is burned 
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in the hot blast stoves. There are three stoves of the two-pass type, each 26- 
feet in diameter by 102-feet 2%-mches shell height, (See Fig. 5). Sixty car¬ 
loads of a silica checker brick are placed in each stove. The gas bums in a 
brick combustion chamber which is near the center of the stove extending to 
the top of the shell. It'^ then travels down numerous small passages in the 
brickwork near the periphery of the stove and exhausts through chimney 
valves near the bottom. The schedule is to heat the stoves for two hours 
while air is passed through them for one hour. They are operated alternately, 
two being heated while through the third is forced air which thereby is pre¬ 
heated to about 1,100°F. before passing to the blast furnace. 

The stoves are entirely butt welded, using 54-inch and %-inch plates. The 
numerous nobles were also welded. This construction facilitated the laying 
of the brickwork adjacent to the smooth inner surfaces. It also assured a gas 
tight construction. 

Exhaust Stack—One stack, (See Fig. 6), serves the three stoves to exhaust 
the burned gas which enters through the bottom. The stack is 200-feet high 
by 10-feet 9-inches inside diameter, having a conical bell section 45-feet 3- 
inches high by 20-feet in diameter at the base. The stack is self-supporting 
having twenty-four 2-inch diameter anchor bolts not upset. The stack was 
fabricated of 4 ;4<;-inch to y 2 'inch. thick plates, with the seams entirely butt 
welded. 

An interesting erection feature was that the stack was so situated that a 
large guyed derrick placed on top of the lower 100-foot section was used to 
erect the steel for all the other structures except No. 3 stove where a basket 
pole was used. The steel plates and welded joints for this lower section of 
the stack were designed to withstand the loads during erection. 

Piping—The miscellaneous gas and air piping is an important item of 
a blast furnace. The piping for this furnace ranges from 3-feet to 9-feet in 
diameter, fabricated from 54-inch and Vi'inch plate butt welded. The hot 
blast main and the bustle pipe have a 4-inch brick lining. The offtakes, up¬ 
takes and downcomer have 0.7 per cent carbon wearing plates, welded to 
the inside of the pipe at the various bends. 

It was originally intended to shop-weld the pipe in sections of 20- to 24- 
feet in length. However, during fabrication and erection the shop, due to 
the schedules of other jobs, was not able to supply the field crew with steel 
fast enough to keep them working efficiently. To relieve this situation, the 
shop only prepared the edges and rolled the plates. They were then shipped 
to the location where the field crew welded the plates into sections. The costs 
showed no noticeable loss of efficiency. This indicates the adaptability of 
welded pipe designs to production scheduling. 

Walkways and Platforms—On the various structures and along the 
piping there arc several walkways and platforms. They are used to provide 
access for the workmen to the various valves and other mechanism on the 
structures and to permit adequate working space at these places. They were 
made by the usual construction methods, the members being welded or bolted 
together. As many of the walkways were placed along the top of the piping 
and as the exact location and alignment of the piping in several instances 
were established during erection, these walkways were then of necessity made 
to fit’” in the field. This assured an accurate fit, a condition that scarcely could 
be anticipated if they were completely shop fabricated. 

Proportionate Cost Savings in Percentage—A proportionate savings in 
the cost is indicated in the following by using a welded rather than a riveted 



Fig-. 5. Hot blast stove. 


design. The savings is presented in dollars and also shown as a percentage of 
the cost of the riveted design. 

Every item or operation which is included in the total cost of the job is 
considered. These include: cost of material, preparation of detail drawings, 
shop fabrication, freight charges, erection cost, taxes, insurance, general over¬ 
head and profit. These items are then summarized to obtain the total savings. 
This cost analysis reveals the proportionate savings of each item or operation. 

Weight—The furnace shell, whether riveted or welded, is usually made 
of the same thickness of plate. This ranges from %-inch to lJ4"inches de- 
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Fig. 6. Stack for stoves. 

pending upon the location of the plate in the shell. The advantage of butt 
welding the plates arises from the consideration that the heavy butt straps 
or plate laps required for the riveted joints are eliminated. 

The other structures, including the furnace accessories, the dust catcher, 
whirler, hot blast stoves, stack and piping and walkways also indicate a weight 
savings. These are usually made of a nominal plate thickness. Therefore, the 
reduction in weight by using a welded design is also reflected in the elimina" 
tion of lap or butt riveted joints and in the simplification of the structural 
details. 
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The weights of the welded structures as compared with the estimated 
weights of these structures on a riveted basis are indicated in the following- 
table: s 


Weight of Steel Structures 



Weight of 
Riveted 
Structure 
Lbs. 

Weight of 
Welded 
Structure 
Lbs. 

Weight 

Savings 

Lbs, 

Per Gent. 
Savings 

Furnace shell and mantel. 

510,000 

412,000 

98,000 

19.2 

Furnace accessories. 

163,000 

132,000 

31,000 i 

19.0 

Dust catcher. 

205,000 

184,000 

21,000 

10.2 

Whirler..:. 

77,000 

69,000 

8,000 

10.4 

Hot blast stoves.. 

Exhaust fltar.l 

903,000 

153,000 

1.215,000 

832,000 

138,000 

1,042,000 

71,000 

15,000 

173,000 

7.9 
o ft 

Piping and walkways. 

y.o 

14.2 

Total. 

3,226,000 

2,809,000 

417,000 

12.9% 


On the basis of the published mill base price of $2.10 per hundredweight 
for steel plates and shapes plus an average allowance of 15-cents per hundred¬ 
weight for unloading the steel at the fabricating plant, the cost of welding 
wire or rivets, and mill extras on the steel, etc., the savings in metal costs 
amounts to: 


($2.10 + .15) X 4170 cwt. = $9,382.50 

This weight savings not only causes a reduction in the material cost but is 
also reflected in a lesser handling cost during fabrication and erection and a 
smaller freight charge in transporting the material from the fabricating plant 
to the erection site. 


Drafting—The preparation and checking of the detail drawings for 
a blast furnace are considerably simplified by using an arc welded design. 
Hg. 7 shows the details required by the fabricating shop to make a furnace 
shell plate and mantel and illustrates the comparative simplicity of the draw¬ 
ings of the welded design. There is a similar condition for the other items 
on this job. 


For such an installation, a considerable portion of the piping comprises 
bends and turns. These are made in segments having arcs from 6° to 10°. 
There is also a very large variety of tee and wye intersections. The develop- 
ment of the plates is very involved. Lap or butt riveted joints would cause 
many additional problems for the detailer. Butt welded joints simplify the 
drafting to the extent that the time required is reduced almost by one-half. 

In addition, a riveted structure requires a rivet location layout indicating 
the size , length and number of rivets furnished and the joint of the structure 
where they are to be used. For a welded structure, the si*e of weld wire 
for each bead is indicated on a large scale section shown on the erection or 
assembly drawing. Following is a table showing the drafting costs on this 
job as compared to a riveted job built in 1937. The costs are given for the 
time required to make and check the detail shop drawings. 
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Drafting Costs 


Blast furnace shell and mantel 

Furnace accessories.. 

Dust catcher... -. 

Whirler. 

Hot blast stoves. 

Stack. 

Piping and walkways. 

Total.. 


Riveted 

Design 

Welded 

Design 

$ 403 

$ 265 

202 

128 

654 

402 

353 

252 

260 

196 

215 

127 

8,270 

4,730 

$10,357 

$6,100 


Savings 

Per Gent. 
Savings 

$ 138 

34.2 

74 

36.6 

252 

38.5 

101 

28.6 

64 

24.6 

88 

40.9 

3,540 

42.8 

$4,257 

35 . 7 % 


Shop Fabrication—One of the larger items of cost of the structures 
is the shop fabrication. Several comparisons of shop costs make the welded 
design more economical. 

For the welded design there is a savings in unloading the steel to the 
stock yard and a similar reduced cost in handling and moving the steel through 
the sequence of shop operations because of the lesser weight. 

The first shop operation is laying out the steel. This involves marking on 
the steel the dimensions that are shown on the detail drawings. Therefore* 
the time to prepare the drawings is an indication of the time to layout the 
steel. A comparison of the costs of this operation is similar to that of the 
drafting costs. 

The following operations vary somewhat for the two types of design* 
riveted or welded. As the various structures comprise primarily steel plates 
their fabrication will be discussed. In the riveted design, the plates are sheared 
or square burned to the required size. If two plates are alike one may be 
used as a template for the other. Holes are punched in thin plate and holes 
in thick plates are sub-punched and reamed or drilled. The plate is then 
formed by rolling or pressing as the thickness and final shape require. 

After the parts of the furnace shell are fabricated, they are assembled and 
while in their proper position, the sub-punched holes are reamed to size. Thus 
for a riveted design, the furnace must be completely erected and then dis¬ 
mantled to assure a proper fit in the field. For the other structures where the 
fabrication is considered complicated, a similar assembly procedure is neces¬ 
sary as in the case of a riveted design. Small items such as pipe bends are 
assembled and then shop riveted in sections. 

Many of the plates in these structures would be bent or flanged to form 
a lap riveted joint. At a transition section, (Fig. 1, Riveted Design), the 
plate is either hot or cold worked depending upon the thickness of the plate, 
radius of bend and angle of flanging. 

In the welded design, after the plate is laid out, the edges are prepared 
by either burning or planing. The plate is then formed by rolling or pressing 
as the thickness and shape require. Plates joined by butt welds do not require 
flanging at transition sections, (See Fig. 1, Welded Design.). Plates fabricated 
for field welded construction generally do not require a shop assembly to assure 
an accurate fit. 

A reduction in the number of pieces for an item by using a welded con- 
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struction is another savings indication, due to necessary connection welds. 
This is particularly obvious of the blast furnace mantel. A bill of material for 
each mantel is listed below: 


Bill of Material 


Riveted Design 


No. 

Pcs. 

Description 

Mark 

No. 

Pcs. 

Shape 

Finished 

Sue, 

In. 

Lengths 

Ft. 

In. 

8 

Mantel Sections 

f 

4 

Plate 

68>bx 

14 

0 


1 — each marked 

g 

4 

Plate 

68^xl>i 

14 

0 


M'l, M'2, M'3, 

k 

4 

Plate 

6%yixlX 

14 

0 


M-4, M'5, M-6, 

d 

4 

Plate 

6SJ4xI)4 

14 

0 


M-7, M>8 

a 

8 

Bent L 

8 x 8 x \yi L 

15 

IX 



b 

8 

Bent L 

8x8xl^L 

13 

3 H 



c 

8 

Bent L 

8 x 8 x lyi L 

13 

2% 



m 

2 

Bent L 

8 x 8 x 1 L 

10 

8 



n 

2 

Bent L 

8x8x1L 

10 

8 



p 

2 

Bent L 

8 x 8 x 1 L 

10 

8 



s 

2 

Bent L 

8x8x1 L 

10 

8 



t 

8 

Plate 

8x1 

1 

1 




389 

Rivets 

iyid 

0 

3K 



•' 

16 

Bolts 

l X9 

0 

11 




16 

Bolts 

1X9 

1 

0 


- WELDED DESIGN 


8 

Furnace Mantel 

3pa 

8 

Plate 

48x2K 

8 

2'A 


Mark FM 

3ha 

8 

Plate 

8 x 1JA 

13 

7% 



3hb 

8 

Plate 

SxlX 

16 

4 H 



3pb 

8 

Plate 

48x2K 

8 

2«s 




64 

Bolts 

1X9 

1 

6 


•;1 


110 lbs. 

W. Wire 

X9F.W. 






240 lbs. 

W. Wire 

x&9 F.W. 











The overhead of a weldery is somewhat lower than that of a similar shop 
having facilities for riveted construction. The machinery is smaller and less 
expensive. There are fewer tools required. Fewer operations involve lesser 
machinery and supervisory workmen. 

Following is a table of the fabrication costs of the various structures. They 
reflect the various aforementioned advantages of a welded design. 


Fabrication Costs 



Riveted 

Structure 

Welded 

Structure 

Savings 

Per Cent. 
Savings 

Furnace shell and mantel. 

$ 9,582 

$ 5,819 

$ 3,763 

39.3 

Shop assemble and ream holes. 

1,880 

1,880 

100 0 

Furnace accessories... 

5,275 

3,067 

2,208 

41.9 

Dust catcher. 

6,512 

3,705 

2,807 

43-1 

Whirler.. 

4,367 

2,543 

1,824 

41.8 

Three hot blast stoves. 

11,784 

7,685 

4,099 

34.8 

Stack...... 

2,808 

1,936 

872 

31-1 

Piping and walkways.... 

80,346 

48,840 

31,506 

39.2 

TotaL....... 

$122,554 

$73,595 

$48,959 

46.4% 
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Erection- The procedure was to first completely erect each structure, 
then to weld the joints, carefully following the welding sequence as previously 
outlined. 

The welded design showed several advantages during erection. As pre" 
viously indicated with respect to the piping, the erection crew was kept work" 
ing by welding the pipe in the field. Also an uncanny accuracy was obtained 
in the alignment and top elevation of the furnace shell. 

The erector of welded structures has the same two important tools in the 
field that are generally used in the fabricating shop—the burning torch and 
the welding machine. Of occasion he may use these to make adjustments to 
the shop fabricated steel. On this job, all of the openings in the structures for 
the pipes were burned at their proper locations, these being determined only 
after the structures were completely erected and welded. This procedure 
assured an accurate alignment. There were some instancs where the piping 
did not fit and adjustments were made by burning and welding. Some of the 
platforms and stairways on this piping were then of necessity detailed and 
fabricated approximately to sise then “made to fit” in the field. 

These advantages combined with a comparison of making a butt welded 
joint to riveting a joint are indicated in the following table. 


Erection Costs 



Riveted 

Structure 

Welded 

Structure 

Savings 

Per Cent. 
Savings 

Furnace shell and mantel.. 

Furnace accessories*. 

$14,200 

$ 7,040 

$ 7,160 

50.4 

Dust catcher.... 

6,970 

• 4,150 

2,820 

40.4 

Whirler..... 

2,800 

1,530 

1,270 

45-4 

Three hot blast stoves. 

30,400 

16,700 

13,700 

45-1 

Stack. 

7,950 

4,950 

3,000 

37-7 

Piping and walkways. 

40,550 

22,700 

17,850 

44.0 

Total.... 

$102,870 

$57,070 

$45,800 

43-8% 


*The furnace accessories were erected in conjunction with the brickwork by the 
brick contractor. 

Other items of cost to be considered are freight, taxes and insurance. The 
freight is primarily a function of the weight, the welded structures being 
lighter will cost less. To a lesser degree it is a function of the type of fabrica' 
tion. Certain riveted pipe sections must be shop assembled and riveted. These 
large sections at times require an L. C. L. rate or a C. L. minimum charge, 
while if they are welded they may be shipped knocked down. 

The cost of social security tax varies as the shop and field labor costs. As 
these costs are reduced by using a welded design the tax is reduced in propor- 
tion. 

To protect the workmen and the company, insurance is carried during the 
erection of the structure. This insurance is for workmen s compensation, 
public liability and property damage. Its cost is set up as a percentage of the 
field labor cost. It is also reduced by using a welded design. 

Proportionate prices and savings for the entire unit, (See Fig. 8), is sum" 
marked in the following table. These prices include the cost of materials, 
drafting, shop fabrication, freight, erection, social security tax, insurance, gen" 
eral overhead and profit. The prices of various accessories such as manholes 
and nobles and cleanout doors are also included. 
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Total Costs 



Riveted 

Structure 

Welded 

Structure 

Savings 

Per Cent. 
Savings 

Furnace shell and mantel.. 

$65,750 

$39,250 

$26,500 

40.3 

Furnace accessories.. 

10,220 

6,870 

3,350 

32.8 

Dust catcher. 

27,450 

18,100 

9,350 

34.1 

Whirler. 

14,420 

9,250 

5,170 

35.8 

Three hot blast stoves. 

98,210 

67,880 

30.330 

31.0 

Stack.. 

17,410 

12,150 

5,260 

30.2 

Piping and walkways. 

204,100 

130,230 

73,870 

36.2 

Total... 

$437,560 

$283,730 

$153,830 

35.2% 


The following table of the summarised costs of the materials and opera¬ 
tions required to build an arc welded design as compared with the costs of the 
riveted design indicates that the total savings is distributed among all of the 
items which constitute the total cost of the job. 


Summarized Costs 


Riveted 

Structures 


Material. $72,550 

Drafting. 10,360 

Shop fabrication. 122,550 

Erection. 102,870 

Accessories... 21,340 

Freight.. 3,540 

Taxes, insurance, general overhead, 

profit. 104,350 

Total. $437,560 


Welded 

Savings 

Percent, of 

Structures 

Total Saving, 

$63,200 

$ 9,350 

6.1% 

6,100 

4,260 

2.8% 

73,590 

48,960 

31.8% 

57,070 

45,800 

29.8% 

12,180 

9,160 

60% 

2,930 

610 

0.4% 

68,660 

35,690 

23.1% 

$283,730 

$153,830 

100.0% 


As this is a job fabricating shop where one or several blast furnaces may 
be built within a given year and as a blast furnace is such a large job occupy¬ 
ing the time of various departments for a considerable part of a year it was 
thought better to consider a total “job 1 ' 1 gross cost savings accrued from the 
use of arc welding by the company, rather than a total “annual” gross cost 
savings. This suggested comparison, as showm in the preceding tables, is 
therefore, a representative savings of the initial cost. 

During these times of major adjustments, when statistical information is 
limited, the estimated total annual gross cost savings accrued from the use of 
arc welding by industry in general is restricted in this discussion to the steel 
industry in the United States. 

In 1941 there were 55,918,000 tons of iron produced in the United States. 
This was obtained with the operation of an average of 220 blast furnaces at 98 
per cent capacity throughout the year . The office of production management 
and more recently the war production board has formulated a plan to assist 
the steel companies to increase their production 10,000,000-tons a year. This 
would involve the construction of 28 1,000-tons-per-day furnaces. The pro¬ 
gram is being carried to completion as soon as possible. It is felt that at least 
15 new furnaces will be built this year. Many of these, are already under 
construction. It is expected that, although some of these new furnaces are 

7/wh arge ’ a capacity of 1,300-tons a day, the average will be about 

1,000-tons per day. 
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Fig. 7a. Shop detail drawing, riveted construction, furnace mantel. 

Initial Cost Savings— On this consideration, the steel industry and the 
United States Government, who is financing most of these projects, will save 
in the initial cost this year by building arc welded blast furnaces. 

15 X 154,000 = $2,310,000 

Next year the savings in the initial cost is expected to be greater as the 
experience being now gained in building arc welded furnaces will be reflected 
in a lower cost of subsequent welded furnaces. ^ 

Operational Cost Savings— A lower maintenance cost is anticipated by 
using arc welded furnaces. The furnace, the gas cleaning structures the 
preheating structures, and the large piping operate under an average pressure 
of 30-pounds per square inch. Butt welded joints are a more positive fc^m 
of gas tight construction than joints that must be riveted and then caulke . 
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FURNACE MANTEL 

WELDeO construction 


Fig. 7b. Shop detail drawing, riveted construction, furnace mantel. 

This is particularly important in these structures which, are subjected to a 
wide range of temperatures causing considerable expansion and contraction 
during operation. As a blast furnace usually operates continuously for several 
years until it must be shut down to be relined with brick, the appurtenant 
structures, being arc welded, will offer additional assurance of their uninter¬ 
rupted service. 

At times a "hot spot" develops on the furnace shell. Water is sprayed on 
this spot to prevent it from^ breaking out. This frequently causes the plate to 
buckle necessitating a repair. It is much easier to patch or replace a plate in 
a welded shell by welding. 

Newer methods and improvements of blast furnace operations require its 
appurtenant equipment to be removed, replaced, or revised many times during 
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- to these adjust 

T . * * * ^ easily 

structure. It is an easy matter to add on or ^ out a valve c - a mlnhc 
- a pipe line. When an entire plant layout is revised, the 

and 


in 



Fig. 8. The completed structure. 


Frequently the hot blast main and bustle pipe must be relined. Time and 
labor are saved in relining the smooth inside surfaces of the welded pipe as 
compared to fitting the lining brick over the rivet heads and lap joints of a 
riveted pipe. 

These operational savings will accrue throughout the entire life of the 
furnace—about 35 years —They are conservatively estimated by blast furnace 
operators as amounting to 5 per cent of the initial cost of the completed 
structures. The cost on a complete l,OOOtonqper'day blast furnace is $3,000,' 
000. The anticipated savings is then $150,000 per furnace. 

The total annual gross cost savings to the steel industry in the United 
States by using blast furnaces of welded construction is the summation of the 
initial savings and the operational savings. When the recent expansion is 
completed there will be about 250 blast furnaces operating in the United 
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States. Conservatively, assuming no further expansion in the near future, 
but merely a savings derived from replacing old furnaces, the savings is: 

250/35 = 7 furnaces replaced per year 
$150,000/35 = $4,300 operational savings per furnace 
per year 

Initial Cost Savings — 7 X $154,000 = $1,078,000 

Operational Cost Savings = 250X $ 4,300 ~ $1,075,000 

Total Cost Savings per year to the steel in-* 

dustries in the United States..$2,153,000 

But of greater importance in these turbulent times is the consideration of 
public safety—of the social advantages that must be obtained and retained. 
A cost savings may imply greater profits. But now it takes on a more signifi¬ 
cant meaning. A cost savings, by using arc welding, is an index of the mate¬ 
rial, the man hours and the production time that it has made available to be 
used in making other necessary structures and war equipment. 

Arc welding is assisting the expansion of our steel production at its very 
nucleus—the blast furnace. It is making available more iron, to be refined 
into steel which will then be used to make more vital war equipment. 

Recently, a leading steel producer received a message radioed from Mel¬ 
bourne, Australia by General Douglas MacArthur complimenting them for 
their record breaking production. It read:— 

"HEARTY CONGRATULATIONS ON THE MAGNIFICENT 
RECORD YOU ARE MAKING ON BEHALF OF OUR BELOVED 
COUNTRY." 

A short time beforehand arc welding made available to the company a new 
blast furnace, built months ahead of schedule. This furnace increased the 
plant's iron production by more than one third. Therefore, fundamentally, 
this display of appreciation was to arc welding. 




Chapter XXVIII — Carbon Arc Welding in Production of Clad 

Steels 


By T. S. Fitch and L. W. Townsend 

President and Vice President, Respectively, Composite Steels, Inc., 
Washington, Pennsylvania 

Subject Matter: The function of carbon 
__ arc welding in producing clad steels. The 


! 

method of producing clad steels as de* 
scribed consists of two pairs of the clad* 
ding plates, with separating medium 
between them, “sandwiched" between 

- 

m i 

i jF ■ 

JNKT -^4 

thicker mild'Stecl slabs. The gaps at the 


ft ' <J? 

edges, instead of being filled with weld 


material, are arc welded using a spacer 

\ W 


bar of material similar to the backing 

\ ~ j|L 


plates. This new method gave a superior 


® . . kt-L-l 1 

wcld in much less time with an average 

10% saving in slab weight. This resulted 


in a saving of $16,537.50 in 14 months. 

T. S. Fitch The paper also describes special arrange* L. w. Townsend 


ments, welding units, magnetic boot and 
cooling system used in this process. 


In the majority of cases, relatively expensive metals such as copper, 
nickel, and stainless steel, are utilised because they serve certain useful func* 
tions such as corrosion and oxidation resistance. In the majority of cases, 
these superior inherent properties are required on the surface only; for 
example, a brine tank need have corrosion resistance only on the inside. 
Since these materials arc relatively expensive, economy could be and has been 
effected by developing combinations of these expensive materials with ordi* 
nary steel plate; such composite plates or sheets are customarily referred to as 
“clad metals”. The production of stainless*clad steel, for example, in 1941 was 
approximately 8,000,000*pounds, as compared to a production of solid stain* 
less steel in sheet and plate form of 800,000,000*pounds. It is, therefore, 
obvious that the present production of stainless clad is but a very small 
proportion of the over*all picture. It is equally true that a far greater 
proportion of solid material could be produced and used in clad form; 
its production has been increased this year and it will no doubt increase 
to a far greater extent in the future. Whereas many products are being 
produced in great quantities at the present time because of the war, stainless 
clad should continue to grow indefinitely. 

One of the several effective methods of producing clad metals is the 
“assembly method”. If reference is made to Figs. 1*A and 1*B, it will be 
noted that a pair of plates, with a separating medium between them, is sand* 
wiched” between two relatively thicker mild*steel slabs.^ These mild steel 
slabs are also relatively longer and wider. Into the resulting gaps are placed 
spacer bars of the same analysis as the backing steel. The assembly is then 
peripherally welded to hold the components together and to occlude furnace 
gases during heating. Such an assembly, after welding, is heated to approxi* 
mately 2250° Fahrenheit and then rolled on the conventional plate mill; after 
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Fig. la and lb. Preparation for welding. 

rolling and necessary sub-processing, the rolled plate is sheared into the 
separating plane, resulting in two clad plates. 

Since the assembly must be reduced as much as twenty times through 
very powerful rolls, it is obvious that the welds must have great strength 
at elevated temperatures. The method of welding originally employed re¬ 
quired deep welding grooves; these grooves were effected by making the 
backing plates considerably longer and wider than the inserts and spacer 
bars combined. These grooves had to be at least %-inch deep and as deep as 
2 1 / 2 'inches on very heavy assemblies. Then the welding groove was com¬ 
pletely filled with weld metal; obviously very substantial amounts of weld 
metal had to be deposited. In addition, the weld metal was simply laid into 
the groove and did not necessarily effect a deep penetration into the backing 
steel; in other words, the final weld is not necessarily ideal. 

In the Fall of 1940, a welding equipment manufacturer held a series of 
lectures on welding, during which reference was made to carbon arc welding 
equipment. At that time, it occurred to the writer that this system might be 
a PP^ e ^ to our assemblies to very good advantage. Instead of depositing ah 
appreciable amount of weld metal, we would simply melt the components and 
replace the oxidation loss with a relatively small amount of filler wire. Further, 
we could reduce the sise of the backing plates to the extent that the edges of 
the backing plates would be parallel to the outside face of the spacer bar 
rather than extending considerably beyond. It also seemed logical that we 
might effect a superior weld, since we would get considerably more penetra¬ 
tion with the carbon arc weld than we did previously. The former method 
employed was not fast, especially on heavy slabs, whereas the carbon arc weld¬ 
ing was not only faster, but it was possible that one pass would serve where 
2, 3 or 4 passes had been utilised previously. Inasmuch as we were cutting 
down the amount of metal deposited and the time required, it followed auto¬ 
matically that the welding cost should be less and apparently appreciably so. 

Reference to Table I substantiates in detail our expectations as to the 
savings in weight and, therefore, the increase in yield—which is the funda¬ 
mental method of cost improvement in a steel mill. 
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In Tabic II, there is presented a breakdown of the costs in connection 
with the carbon ai c welding system now employed. The figures given as to 
savings for a converter of such slabs are accurate. The figures given as a 
comparison of the previous welding costs can only be estimated, since those 
figures arc not available to us; however, every effort has been made to sub" 
stantiate these figures and we have reason to believe that they are sub" 
stantially accurate. 


Table I Savings in Weight, Typical Examples 



Former Sine 

Present Sise 

Former 

Weight 

Present 

Weight 

Saved 

214 

" X 31" X 50" 

to 

X 

q 

X 

wi 

q 

1.115# 

1,060# 

4,95%’ 

3" 

X 28 W' X 521/-)" 

3" X 27" X 51" 

1,270# 

1,170# 

7.90%' 

5" 

X 3434" X 58" 

5" X 3214" X 554" 

2,870# 

2,550# 

11.12% 

714 

" X 37" X 5814" 

71/)" X 34" X 5514" 

4,620# 

4,010# 

13.20% 

10" 

X 3534 " X 4434 " 

10" X 324" X 414" 

4,565# 

3,840# 

15.90% 

15" 

X 36" X 48" 

15" X 32" X 44" 

7,350# 

5,975# 

18.70% 

20" 

X 47" X 62" 

20" X 42" X 57" 

16,500# 

13.550# 

17.85%* 

25" 

X 53" X 66" 

25" X 48" X 61" 

24,800# 

£8,750# 

16.30%* 


*The reason these decrease in percentage is that over 15" total thickness, by the 
previous method, the depth of the groove remained constant so the sidescrap is less 
in proportion to total weight. 

Our average slab weight since adoption of the present method is 2,625" 
pounds. Therefore, the overall savings have been almost exactly 10 per cent. 

1200 assemblies have been welded using the carbon arc welder. Thus, at 
an average of 2,625"pounds per slab, the total weight welded to date is 
3,150,000-pounds. At the average saving of 10 per cent, we arrive at a total 
savings of 3 1 5,000'pounds in 14 months. 



Fig. 2. Four-post gantry developed for welding. 
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Table II-—Analyses of Costs 

For the Converter—The company selling the stainless clad pays the company 
which does the assembling, welding, heating, rolling, etc., 
an average of $.0525 per pound of the assembly weight. 
Thus, the seller has saved 315,000-pounds by $.0525 or 
$16,537.50 in the 14-month period. 

The following cost figures in detail cover 1100 assemblies, 2,885,798- 
pounds. The average assembly was 3 3-inches by 47-inches by 6-inches, and 


the average weight was 2625-pounds. 

Cost to Weld Total 

Welding Carbons ....... 491.12 

Filler Metal ....... 796.34 

SteelfLux ........ 1,807.92 

Overhead . 700.12 

Power ________ 559.78 

Supplies . 512.91 

Maintenance .. 901.39 

Engineering Expense—Misc....... 229.41 

Labor—Operating Welder.... . 8,035.03 

Social Security Taxes—Labor __ 190.80 

Workmen’s Compensation Insurance _ 65.32 

Depreciation on Equipment . 1,737.99 


16,028.13 

Administrative and General Expenses 

Interest ........ 128.28 

Public Liability Insurance. 57.50 

Taxes _—. 855.27 

Salaries _ 2,350.00 

Organisation Expense . 272.20 

Office Expense. 88.36 


3,751.61 

Total Expense .19,779.74 

Cost per pound = $19,779.74 -h- 2,885,798 pounds = $.00685. 

Total number lineal feet welded—29,326. 

Ultimate Cost Per Foot = $19,779.74 29,326 pounds = $0.6744. 

Labor Cost Per Foot = $6,035.03 29,326 = $.2057. 

Power Cost Per Foot = $559.78 -h- 29,326 = $.0190. 


Comparison of Methods* 
On a Per Foot Basis 


Total 

Thickness 

Number Welds 
per Side 
Former Method 

Number Welds : 
per Side j 

CarbonArc 

Previous 

Cost 
per Foot 

Present 

Cost 
per Foot 

y 

5" 

Over 10" 

1 

2 

3 

4 

i 

1 

2. 

2 

2 

$0.7500 

1.5000 

2.2500 

3.0000 

$0.6744 

1.2126 

1.2126 

1.212 6 


contallluw have the cost figures on the previous method, but from very close 
conservative ^ Kme and costs from s£milar machines, we feel our estimates are 
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abkm - BACKING - S.A.K.1020 t> C fe - SPACER BAS - S.A.E.1020 

cdnl - “ 


gijk - INSERT— alloy 
MJ1 - « 

a& - TOTAL SLAB THICKNESS 

ab - BACKING THICKNESS 
c A - « « 


©fhg - AlB space 

- SEPARATING PLANE - Inert 
oxide and binder 

gi - INSERT THICKNESS 
ih - " « 

be - SPACER BAR DEPTH 


Fig. 3. Nomenclature. 


Several test assemblies were made up and carbon arc welded in a shop 
having approximately suitable equipment; each of the trial assemblies was 
processed in the usual manner and found satisfactory. Therefore, orders were 
placed for a twin “Electronic Tornado 11 carbon arc welder and two 400- 
ampere generators. The welder was specified to be of the tractor type so that 
it might operate on beams or on fiat plates. Also, the machine was designed 
and supplied to opei~ate with l/yinch diameter carbons. 

The problem then arose as to the best means of handling the assemblies; 
in our case, the original cost was of particular importance. Would it be 
cheaper to make the welder more or less stationary, or would it be more 
satisfactory to arrange for considerable mobility of the machine? Since the 
welder weighed some 400-pounds and the slabs ran up as high as 25,000 ; 
pounds, it was decided that it would be more economical to make the welder 
movable within a considerable range, rather than moving extremely heavy 
slabs. If the reader will refer to the photograph, Fig. 2, and sketch. Fig. 3, 
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he will observe that we developed a four-post gantry which moves on rails; 
it has a travel of sixty feet up and down the shop. The cross beams are 
arranged so that they may be adjusted transversely and perpendicularly within 
the frame. The transverse and perpendicular motions are operated through 
an electric motor; the gantry is moved with a railroad jack which is satis- 
factory* since it is not moved more than two or three times per turn, and it 
moves reasonably easily—two men can push it. The two beams which support 
the welder are set at the required 6 degree angle as required for proper carbon 
arc welding. 

Slabs up to 42-inches wide, regardless of their length, are set up in troughs, 
which troughs are constructed so that they also have the necessary 6 degree 
angle. Slabs over 42-inches are set up in a specially designed, reinforced 
concrete pit. The pit is in the center of the rails on which the gantry moves 
and there are two troughs on one end and one on the other end of the pit, so 
placed that the gantry can be positioned over them. 

This arrangement enables us to set up slabs in either the pit or the troughs, 
while welding is being done elsewhere in the line. When we first went into 
operation, we were only able to operate 23 per cent actual welding per turn; 
this has now been improved to the point where we often operated at 50 per 



Fig-. 4. Starting weld procedure. 
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cent of the full torn. The ultimate actual welding time expressed in percentage 
is probably about 60 per cent because the runs are relatively short and, there¬ 
fore there must be numerous stoppages, resettings, and commencements 
at the start of each weld, one does not proceed at the usual speed, (See 
Fig. 4). p v 

Subsidiary equipment has also been required and secured from time to 
time. Under practical operating conditions, it is virtually impossible to expect 
a perfect fit-up m all cases, (See Fig. 5), so that certain jigs and drawjacks are 
employed; further remarks will be made regarding fit'up later on. Rather 
than try to hold the components together mechanically, some hand welding is 
advisable; therefore, we found it advisable to secure a third 40Oampere 
generator. Before wc had the third generator, we used one of the two original 
machines, but this held up the arc welder. Certain heating equipment of a 
simple and inexpensive nature has been secured to ensure freedom from 
moisture within the assembly; it has been found that if there is any moisture, 
steam is created during heating and this creates a further strain on the weld 
—when the rolling stresses are already very high. 

As stated heretofore, the power for the arc welder was originally supplied 
by two 400-ampere generators. As we became more familiar with the tech¬ 
nique and in view of the occasional fractures of the welds during rolling, we 
decided to put more power through the machine. We, therefore, secured a 
600-ampere generator, which is hooked with one 400-ampere machine into a 
fixed circuit with the welder; in addition, another 400-ampere generator is 
so set up that it can be cut into the circuit and thus provide 1400-amperes. 
The power arrangement is indicated in Fig. 6, and the relationship of the depth 
of the welds to the amperage may be observed in Table IV. The current is 
carried to the welding head by three 00 welding cables and the current used is 
from 800- to U 00-amperes. The three cables carrying the current are con¬ 
nected to a lug back from the heat of the arc and the current is carried from 
there to the twin tornadoes by four 00 cables which can be easily replaced. 
It has been found that connecting two of these cables to the twin tornado’s 
water inlet connection and two of them to the carbon tornado’s water outlet 
connecion, gives the proper arc direction at the high current used by us. 

When we increased the amperage through the boots to more than 1,000- 
amperes, we began to burn out the magnetic boot in some cases and the 
carbon-carrying boot in other cases. It was, therefore, necessary to augment 
the cooling capacity of the system; the manner in which this was worked out 
may he observed in detail in Table III. We feel that this redesign of the 
cooling system has particular merit as it would soon have proven uneconomical 
to operate the arc welder over- 1,000-amperes, while at the same time, we 
would have encountered a limitation in our arc welding which would have 
greatly reduced its over-all benefit. 

Because this redesign of the cooling system might be of value to others, 
we would comment as follows : 

The water cooling system is the most critical item to be handled in auto¬ 
matic carbon arc welding. The current carried to the head by three 00 cables, 
and to the hoots by four 00 cables is then carried by thin walled copper 
tubing to the carbon. In order to prevent the tubing from melting, water is 
pumped through continuously, (See Fig. 7). If high current is used, it is 
advisable to have a separate feed and return line to each boot. There are 
vacuum switches in the water return lines which are designed to break the 
arc immediately if the water stops for any reason. The water system is a 
closed system pumping from a 42-gallon tank and returning to a 55-gallon 
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drum. The centrifugal pump is placed below the top of the drum so that it 
is primed at all times. When operating continuously at high amperage, there 
is a build-up of heat in the water with approximately 100-gallons in a closed 
system. Each time the water goes through the system while an arc is struck, 
it picks up more heat than can be dissipated between passes. In order to over¬ 
come this condition, it was necessary to either run fresh water through the 
system all the time, which would be expensive, or make some provision for 
cooling the water in the return lines. This problem was overcome by running 
the return lines into an old-type brass tube automobile radiator. The outlet 
from the radiator was connected to the 5 5-gallon drum. A ventilator type 
fan was connected to the radiator so that air was blown through the radiator. 
This arrangement cooled the water so that it did not become hotter than 
120 degrees F. in the hottest weather and using high current. 

The water switches are most important, as, if they do not shut the machine 
down immediately when the water stops circulating at the proper speed, either 
boot may be ruined. These switches should be set with a good margin of 
safety. The switches should be placed at the highest point in the line to 
eliminate any back pressure. And it proved best in our case to make the 
highest point the turn where the return lines went into the radiator. The 
water switches were placed on a panel above the radiator, and hose longer 
than the return line was used to carry the water from the vacuum exhaust 
to the radiator. The water lines should be made of hose which has a firm 
rubber lining inside and one or two ply of reinforcing, such as beer hose. 
Do not use hose with soft rubber lining such as oxy-acetelyne hose or hose 
with no textile reinforcing. 

Let us now consider actual welding with the above-described equipment; 
a guidance chart. Table III, has been prepared and is enclosed hereinafter. 
The arc voltage, amperage, and welding speed per minute for each of the 
si^es has been established by actual practice, and in each case has been found 
to yield the strongest and most ductile weld at the rolling temperature. This 
chart is indicative to the extent that numerous variations are possible; not all 
thicknesses have been included; where the thicknesses are different from those 
shown, the settings will be proportional within the ranges indicated for each 
of the settings. 

This chart has been set up on the basis of the thicknesses of the assemblies 
in ascending order; this is not necessarily the predominant factor. The depth, 
or thickness, of the spacer bar shall pre-determine the character of the weld 
desired; the spacer bar thickness or depth is the underlined figure in Column 
IV. It is not true that the relationship between the insert thickness and the 
backing thickness remains constant. For example, we have shown the use of a 
V^dnch thick insert with a 2-inch thick backing; actually, the insert might be 
as little as J/s-inch. in thickness or as much as 1-inch, depending upon the 
percentage of cladding desired on the finished plate. Incidentally, the total 
slab thickness is computed by adding two times the figure in the second 
column to two times the figure in the third column. 

At the bottom of the chart, there is an exception in the order. You will 
note that in all other cases two beads are made on each side of the assembly; 
in other words, you make one weld down one side of the spacer bar and 
another weld down the other side of it. Or, to put it otherwise, refer to Fig. 
I'B, which will disclose that there are two seams on each side of every as¬ 
sembly; each of these seams must be welded. But in the case of assemblies 
where the spacer bar is V^'inch wide or less, it has been found that one 
single arc weld may be made down along the center of the spacer bar which 



Table III—Guidance Charts*—Carbon Arc Welding 
(Presuming Proper Fit'Up) 
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♦Intermediate settings, etc., will be proportionate. Generally speaking, the depth of the spacer bar shall be the determining factor in the 
settings. 
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Fig. 5. Fit-ups. 


yields a sufficiently strong weld for heating and rolling. Thus, in spite of 
the fact that there are two seams on relatively thin assemblies, one bead per 
side suffices. 

Reference to Fig. 8 discloses the recommended positioning of the carbon 
in the molten pool. This position is, of course, a function of voltage, amperage, 
and speed; it is a practical means, and a good one, of verifying the correct¬ 
ness of the settings. When the carbon is too far behind the front of the 
crater, we found that porosity existed. Such porosity would be undesirable 
in any application of carbon arc welding. 

In our particular application, due to the presence primarily of the separat¬ 
ing compounds, we were troubled with moisture. Appreciable heat is gen¬ 
erated during welding, and we found that we not only generated steam which 
caused trouble in rolling, but the weld itself tended to be less solid. This 
difficulty has been overcome almost entirely by pre-heating the slabs at 120 
degrees to 130 degrees F. for approximately 24 hours. Our work has indicated 
that carbon arc welding is very sensitive to moisture, and it is suggested that 
anyone using such equipment should guard against moisture in any form, 
especially in winter or rainy weather. 

The original practice was to hand weld starting and stopping lugs on either 
end of the run. It was subsequently discovered that this is not necessary if 
one proceeds as per Fig. 4. By setting the carbon % 6 -inch from the edge of 
the slab, you create a pool which does not wash down the side. As soon as 
a crater of the proper depth is formed, proceed at the prescribed speed. 
When you get to the end of the run, the machine may be halted momentarily 
about % 6'inch from the end, which will likewise produce a thorough weld. 
If a crater exists after the cooling, clean off the slag and fill in by hand weld¬ 
ing. 

The accuracy of the fit-up of the various components will obviously have 
an important bearing upon the welding procedure. Our experience would 
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indicate that a tolerance of Viednch may be safely applied to any point of 
fitment. Fig. 5 shows six misfits. 

Where a gap exists as indicated in “A 11 , we move the carbon over onto 
the backing slab about /fi g" inch from the open seam. Using relatively low 
amperage, low voltage and ordinary speed, we make a light weld which closes 
up the gap. Another advantage of so proceeding is that very little, if any, 
molten metal falls down between the inserts (that would be undesirable) 
because only the cooler portion of the pool enters the gap and it freezes im- 
mediately. After we have closed the gap in this fashion, we go back and make 
a regular weld. 

It should be mentioned here that the skill of the operator plays an im¬ 
portant part in handling gaps. A gap is not necessarily of uniform width; 
it usually develops because of a bow in one or more of the components. If 
the welder is skilled, he can guide the machine so that it will maintain the 
% 6 -inch distance from the gap along the entire line of welding. An inex¬ 
perienced welder may get too close to the gap and cause molten metal to fall 
down into the slab. 

Figure “B” is probably the worst condition that can exist, because the 
effective depth of the bar is decreased. Generally speaking, the thickness of 
the spacer bar is such that the arc weld will almost penetrate through its 
entire thickness. If the slab is not too heavy nor too large, or if the projection 
is not more than J/8-inch, we proceed with the welds in much the usual man¬ 
ner except that we decrease the voltage and the amperage. Obviously, this 
is done to reduce the penetration, and the actual amount of reduction of am¬ 
perage and voltage will be dependent upon how much penetration is desired. 
Figures “C”, “D”, and are all handled in a similar manner. In each case, 
there is one reasonably satisfactory or perfect abutment. Then the second 
weld is made in accordance with the remarks with regard to “B”. In the 



Fig. 6. General arrangement. Generators A and B are used up to 1000-amperes. Gen- 
erators A, B and C are used lor loads in excess of 1000-amperes. Generators A and B 
may be operated independently of C; C may be cut out at the pole switch. The exciter 
in B is used for automatic excitation regardless of whether 2 or & generators are con¬ 
nected. The exciter in A is used for tractor and automatic welder head drive. 




Fig. 7. Special arrangement to cool boots up to 1400-amperes. 


case of “F”, weld the highest abutment first, following the same procedure 
as outlined for “B”. Then weld the lower abutment, again following the 
same procedure as for “B’\ 

Before pre-heating and welding, all slabs are carefully examined so that 
if there is any misfitting beyond a reasonable maximum (generally speaking, 
about % 6 finch), they are sent back for correction within the prescribed limits. 

In some instances, the welding heat may cause a slight gap on the unwelded 
sides, even though the components may be very well tacked together. If this 
gap is between ^i 6 - and finch wide, we have found that a good weld can 
be effected by simply increasing the voltage by two volts. If the gap exceeds 
j/8finch, use the procedure as described for Fig. 5-A. 

Anyone who has used carbon arc welding equipment has probably en¬ 
countered “arc blow”, in other words, an erratic or a spitting welding action. 
In our case, we have found that we can correct this by increasing the forward 
speed of the tractor. Or we can guide the filler wire nearer to the arc magnet 
side of the boot, at the same time lowering it to within J/gfinch of the slab. 

Table IV—Penetration of Arc Wields Relative to Amperage 

hifinch penetration 
54-inch penetration 
. %*inch penetration 
!%}finch penetration 
jfifiinch penetration_ 


800-Amperes 
900-Amperes 
1,000-Amperes 
1,200-Amperes 
1,400-Amperes 


For a given amperage, the penetration remains substantially constant regardless of the 
rate of speed. However, at a relatively high speed, the cross-sectional area of the weld 
is V-shaped and comparatively flat on top, rising only slightly above the plane of the 
two pieces being welded. If the speed is decreased below normal, the cross-sectional 
area of the weld is increased to a U-shape. 

For our work, the best weld is approximately twice as wide at the top as it is deep. 
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Carton 



PROPER POSITIONING OF CARBON FOR 
OPTIMUM RESULTS 



Fig. 8. Proper and improper positioning oi carbon. 


Although it docs not occur often, we sometimes encounter cracks in the 
welds. We arc more apt to encounter this condition when using special 
analyses of hacking steels; the higher the carbon and/or the higher the alloy 
content, the more the tendency will be to cracking. In such cases, we weld 
the slab completely all the way around, then we go back and re-weld, after 
cleaning off the flux, but we shut off all filler wire, retain the usual speed 
and voltage but reduce the amperage by 50- to 75-amperes. If, when we 
start to re-weld, we encounter re-cracking, allow the slab to cool for 24 hours 
and then follow the rc-weiding procedure outlined above. If a crack does 
not extend the full length of the seam, weld the full length of that seam 
anyway. Generally speaking, when you cannot hold your hand on a slab, 
do not weld on it. 

On welds exceeding 950-amperes, it has been found essential to check 
each individual carbon. The carbon should be cleaned with emery cloth so 
that it fits perfectly in the boot. Otherwise, the high current may cause the 
carbon to stick which will break cither the carbon or sometimes the spindle. 

'Needless to say, we have found it advisable to keep the machine thoroughly 
clean. If we do not do so, we have found by experience that our efficiency is 
noticeably reduced; so each welder cleans the machine after his turn. 

After the assembly comes off the arc welder, it is carefully examined for 
any fissures or craters. Short fissures, two to three inches, may be hand 
welded; likewise, craters may be corrected by hand welding. In some cases, 
where we expect to effect an unusually wide plate by extensive cross rolling, 
we will hand weld strips around the edges of the assembly at a 90 degree 
angle to the carbon arc welds. It is recommended that this procedure be 
followed by anyone starting to use such a system until they become fully 
conversant with‘the technique. 

This carbon arc welder is so arranged that it can be taken out of the gantry 
and used for welding flat plates or pipe- In other words, it is an all-purpose 

machine. - , . . . 

Such work of this nature as we have done was found to be entirely satis¬ 
factory. One of the questions that often arises regarding carbon arc welding 
is “What is the analysis of the finished weld as compared to the components. 
Such an analysis is presented herewith: 


Carbon. 

Manganese., 

Phosphorus. 

Sulphur. 

Silicon. 


Parent Metal 

Weld Metal 

.19 

.15 

.47 

.49 

.013 

.013 

.032 

.032 

.040 

.040 
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In conclusion, may we say that the carbon arc welding has fulfilled our 
expectations to our entire satisfaction, in fact, in so far as increase in yield 
is concerned, it has exceeded our expectations. The costs per lineal foot 
in this application of carbon arc welding probably do not compare particularly 
well with the usual adaptation of the process; we feel this may be explained 
by the fact that our runs are comparatively short, though numerous; and at 
all times, we are striving to effect maximum penetration on heavy sections. 
However, it is entirely clear that the present lineal foot costs are very favor- 
able indeed for the carbon arc welder, as compared to the previous method. 
We are also satisfied that the character of the weld meets our requirements 
to a greater extent than did the previous method. 

We s ummar ize herewith the various items of conservation effected:—(a) 
Less weight per slab by an average of 10 per cent; (b) More slabs welded per 
turn; (c) Much less weld metal; (d) The fundamental conservation of alloy 
steel by making it in clad form by this process. 



Chapter XXIX Arc 'W elding in the Manufacture of Mowers 

By Howard W. Simpson 

Chief Engineer, Detroit Harvester Co., Detroit, Michigan 



Subject Matter: The design, construction and cost of arc welded 
heavy-duty power mowers. Arc welding this unit decreased the 
weight, eliminated loosening of parts, eliminated costly and 
critical materials and produced a mower which could be oper¬ 
ated at high speeds for long periods of time without need of 
repair. Unique plug welding of spline and press fits decreased 
lubrication cost and eliminated wear and loosening of parts in 
service. Plug welding of malleable iron hubs to steel shafts 
eliminated expensive steel castings and forgings. The use of 
plug welding for many parts on this unit resulted in savings of 
between 4% and 40% as compared with other methods. 


Howard W. Simpson 


In the mass production of industrial or farm machinery, arc welding is 
subject to the keen competition of all other methods of manufacture. The 
parts are usually small enough to be made by various processes and quan¬ 
tities are sufficient to allow for amortisation of patterns, dies or equipment 
that might be required by any one of several methods available. 

Where arc welding has been used therefore in the mowing machine 
shown in Figs. 1 to 5, it has been because of lower cost, lighter weight and 
greater ability to withstand vibration and shock loads than any other type 
of construction which we have tried. 

Previous Construction —Before high speed and light weight became the 
order of the day for modern tractor equipment, the selection of materials 
were largely a matter of engineering convenience. 

Construction was of cast iron, hot rolled low carbon steel, with braces 
and framework made of flat bars or structural steel, and bolted together. 
The shafts were usually supported on plain bearings in a cast iron frame 
or in cast iron brackets bolted to the steel frame. The result was that the 



Fig. la, (left). Mower with blade in cutting position. Fig. lb, (right). Mower with blade in 

running position. 
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Fig. 2. Heavy-duty mower left side view. 

weight was high, and bolts would come loose. We have eliminated this as 
much as possible by arc welding and the use of high grade materials. 

Parts that rotated with shafts were attached either by a cross pin or 
rivet, a set screw, a key or by means of a spline. The method depended 
somewhat upon the torque transmitted. None were as sure a method of 
locking the part to the shaft securely as the arc welding method here 
described. 

Previous Mowers Slow in Speed—The reciprocating sickle-type of mow¬ 
ing machine was pretty well standardised as a horse-drawn implement along 
general lines indicated above before the tractor era. The slow speed of 
horses permitted a slow sickle speed with little vibration. Until recently 
the tractor mower has been merely an adaptation of the horse drawn mower 
by driving it from the power take-off shaft (projecting from the rear of 
the tractor) instead of from the ground wheels. The older methods and 
materials do not stand up with the high speeds now available. 

Modem Mowers Must Run at High Speeds—Both farm and industrial 
tractors of the day are light-weight machine mounted on rubber tires or 
special steel wheels which will permit relatively high speeds. By designing 
a new mower to resist wear and tear of high speeds we have enabled 
operators to make full use of the available speed in their tractors. Our 
mowers are now operating as fast as 11-miles per hour instead of 2- to 4- 
miles per hour with older types. But increased speed is only part of the 
picture. 

Heavy Duty Mowers Used for Longer Periods —The mower on the 
average farm is used only a few days a year. If two or three crops of hay 
are cut a few more days use are added. But in highway and airfield mowing, 
for which our machines are designed, the work extends over the entire 
growing season of about 4 months. Often the work requires mowing two 
shifts per day. 

Likewise in the south and west part of the country mowers are often 
used to cut irrigated alfalfa eight or ten times a year and by the time the 
last field of a large farm is cut the first field is ready to be cut again. In this 
case the mower is in almost daily use for about eight months of the year, and 
other tractors are kept for the other farm work. 

Vibration—The sickle speed must of course be increased in proportion 
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Fig. 3. Heavy-duty mower top view. 


to forward travel. It has not been possible to reduce the weight of the 
sickle however as compared with that of the horse-drawn type mower and 
so vibration is increased. 

A six-foot sickle weighs 9 1 /2'P oun< ^ s an d has a 3-inch stroke. When 
mowing at ?-miles per hour in second gear or 11-miles per hour in high 
the mower flywheel runs at 1422 revolutions per minute or 2844 cutting 
strokes of the sickle per minute. Although this is over twice as fast as the 
horse-drawn mower, the arc welding of various parts permits this mower 
to stand up and also operate on heavier schedules. 

Roadside Mowing Requires Ruggedness—Besides higher vibration loads 
there is the increased magnitude of shock loads to contend with in roadside 
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Fig . 5. Heavy-duty mower right side view. 


mowing. This is due to frequently met obstruction and uneven ground. 
Brush and small saplings are cut down. Wires, stones, tin cans and stakes 
hidden by the grass are frequently encountered and the mower must cut 
into or through them. If the resistance is too great a safety release device 
allows the bar to swing backward and at the same time stops the tractor 
by disengaging the clutch. This punishment is taken care of by using a 
sickle that is reinforced and has extra thick sickle sections and a forged and 
^ heat-treated head with a hardened ball driving connection arc welded 
in place. 

Plug Type Arc Welding Favored—Our experience shows a plug type 
of weld is made quicker than other types such as butt, edge, fillet or lap 
welds. Two plug welds in holes 1 ^ 6 -inch diameter give sufficient strength 
in most parts of the mowing machine. These welds require only 15- to 30- 
seconds each. Consequently we are using this method wherever possible. It 
has also been found that malleable iron can be welded to steel successfully 
by this method. This has been a life-saver as we formerly used steel castings 
entirely when arc welding castings to steel but steel castings are now difficult 
to obtain even with the best priority ratings. 

Although heating malleable to the fusing point tends to turn it back to 
white iron, actual checks of these welds shows the metal hardens only slightly. 
This is shown in Fig. 6, which is a Rockwell hardness test taken at close 
intervals across several such welds. Note that the hardness of the malleable 
iron, far enough from the weld to not be heated, is approximately B-65- 
B-70 Rockwell. The hardest spot checked is B-106 Rockwell which corre¬ 
sponds to approximately 285 Brinell. This is far below the 401 Brinell 
which is the average hardness of these castings in their original white iron 
state. Besides, a plug weld, if not too near the edge of the casting is sur¬ 
rounded by sufficient metal in the original malleable condition to support it, 
and in actual use we have no trouble from welding malleable to steel in this 
way. We do not, however, attempt to weld malleable to steel where the 
weld would be subjected to tension. Nor do we attempt to weld malleable 
iron to malleable iron. 

Welds are made in our plant by pressing the steel part into a hub of 
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the malleable casting with a light press fit and then plug welding through 
cross holes in the hub only, % 2 'hadh electrodes are ordinarily used and 
Y^'inch diameter when less heat is desired. Peening the weld before cooling 
is in most cases not necessary. Loads carried through the welded joint sub' 
jects the metal at the surface of the shaft to shear stress. Loads transmitted 
to or from the casting causes compression stresses at the weld. 

The first year we welded malleable iron to steel in production it was 
only put through on two parts of the mower even though field tests had 
shown it to be satisfactory. This gave no trouble or failures and so the 
second year we plug'welded several more malleables by the specific method 
described and are now using the method also on other models not described 
in this paper. 

Description of Mower—The mower which is built with the arc welding 
described, is mounted on the side of the tractor where it is in full view 
of the operator. The drive is from the rear power take-off shaft by V'belts to 
a jackshaft (mounted under the axle) and from there to the mower crank' 
shaft through an enclosed propeller shaft with universal joint at each end. 

The mower mechanism is supported by a heavy crossbar which passes 
under the transmission and is hinged at the left side of the tractor. The 
telescoping propeller shaft housing holds the mower bar in alignment but 
does not take any thrust in normal cutting. A heavy spring extending to the 
front axle keeps the bar in normal position but permits it to swing back' 
ward when an obstacle is encountered as both the propeller shaft and the 
propeller shaft tube can telescope. The mower crankshaft is concentric 


UTMGTH IN /NCHJES. 

r _ _A 
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Fig. 6. Rockwell hardness across plug welds in malleable iron castings. 
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Fig. 7, (left). First design of counterbalanced wheel and shaft. Fig. 8, (right). Section cut 

for tesis. 


with the hinge point of the bar which allows the bar to cut up or down 
the side of a ditch or bank at any angle. The weight is partially balanced 
by springs to prevent digging into the ground and the mower can be folded 
up and lifted off the ground at the inner end simultaneously by means of a 
hydraulic cylinder connected to the mower by a flexible cable. The mower 
is mounted on two welded steel side members attached to the transmission. 
These are necessary as the tractor is of the frameless type. The cross-bar of 
the mower is attached to the frame at a rubber bushed bracket which greatly 
reduces vibration on the tractor itself. The weight of the 6-foot mower is 
453-pounds which is just half the weight of trailer type horse and tractor 
mowers which weigh from 825- to 980-pounds. 

Social Advantages—From the standpoint of safety it is advisable to have 
clear vision on roadsides to reduce the danger of motorists hitting children 
or animals. Besides, the destruction of noxious weeds by mowing greater 
mileage of roadsides is of great value to farmers. 

The social advantage of arc welding this mower rests in the higher speed 
which it permits. This results in greater acreage, or mileage of roadsides cut 
per year by this mower than would be possible otherwise. 

Welding Practice for Mower—Following are detailed descriptions of 
parts of the above mower which we are producing cheaper and better by 
arc welding. Some of these represent only a small saving per piece but are 
included, as the comparatively large quantity multiplies these savings to sizable 
figures. 

The net savings with the arc welding as compared with other manufac¬ 
turing methods tried are given and totals summed up at the end of the paper. 



Fig. 9, Head as first forged with ball integral (top) and changed for pressing ball into 

position (bottom). 
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Fig. 10, (above). Ball riveted and welded in place on sickle head. Fig. 11, (below). Arc 
welded ball with short shank after hammer test. 

(A.), Crankshaft—This consists of a 7!/^,-inch diameter malleable iron 
counterbalanced wheel weighing 8 V 2 "P oun ds and a 1%6 'inch diameter heat 
treated S.A.E. 4140 steel shaft. 

In the first design shown at the left in Fig. 7, the wheel and shaft were 
splined together and assembled with a light press fit. 

The load from the reciprocating knife is applied at the crank pin which 
is overhung and thus tends to rock the wheel on the shaft first one way and 
then the other. In some severe mowing conditions the ends of the malleable 
iron hub were thus subjected to compressive loads beyond the elastic limit 
and the hole eventually was worn belbmouthed at each end. The cross-pin 
prevented the wheel from coming off but did not contribute to holding 
the wheel tight. This problem could probably have been solved by using 
a hardened forged steel wheel but the cost was prohibitive even if material 
could have been obtained. Since it was not necessary to have the flywheel 
and shaft separable for assembly purposes it was decided to use arc welding 
as shown at the right on the cut. 

A 54-inch diameter hole is drilled clear through the wheel hub before 
pressing it on to the hardened and ground shaft. This provides two plug 
welds. Several thousand of these have been made without a single one 
loosening up as far as we have been able to find out, as the positive bond 
between the two pieces prevents loo'sening. The smooth shaft permitted by 
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Fig. 12, (above). Sketch of arc welded propeller shaft tube. Fig. 13, (below). Arc welded 

propeller shaft tube. 

welding also offers much greater area in contact with the casting than with 
splines which do not fit at the root diameter but only on the top and sides. 
This increased contact area is also a reason for the welded crankshafts 
holding tight. 

The section in Fig. 8 has been cut so as to go partially into the weld to 
facilitate checking around the weld by Rockwell and Magnaflux tests. The 
remaining spot is a slightly lower crater. Small cracks sometimes are present 
in this crater but do not extend through the edge of the weld and so do not 
reduce its strength appreciably. 

The welding replaces the following operations and a special pin. 

Broach flywheel 
Hob Shaft 

Grind O.D. Splines (spline slightly smaller than adjacent part of shaft) 
Assemble Cross Pin 
Cost of Cross Pin 

This results in a saving of 7 percent of cost of crankshaft. 

(B.) ? Sickle Head Ball—This is a 1045 S.A.E. steel forging to which the 
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Fig. 14. Sheave stud. 

sickle is attached. A. hardened steel ball on the sickle head is connected to 
the ball socket of the pitman rod. One spare sickle is provided with each 
mower and where tractors do not come back to the garage every night several 
spare sickles are provided so the operator can insert a sharp one whenever 
necessary. Consequently every effort is made to keep the cost of the sickle 
low so as to encourage customers to have several sharpened sickles available. 
This reduces down time as the sickles are easily changed in the field. 

The head was first forged with the ball integral (as shown in the upper 
view of Fig. 9) and heat-treated to 269 Brinell. This was too soft to prevent 
wear of the ball but increasing the hardness caused breakage at the tip end 
of the head where attached to the sickle back. Therefore the l]/i-inch 
diameter bail was made a separate screw machine part carburised on the ball 
end only by liquid process, and pressed into the sickle head and riveted 
over on the bottom in a punch press as shown in the lower view. The 
riveting required the end of the ball insert be left soft and the cost of this 
in the heat treat department was twice as great as if it had been carburized 
and hardened all over because it required individual handling of the balls, 
setting them in racks so they could be immersed in the carburizing bath to 
the depth specified only. We therefore tried arc welding balls that had been 
hardened all over as shown in Fig. 10. 

Welding onto the carburized ball was expected to cause a certain amount 
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Fig. 16. Adjusting screws. 


of brittleness in the weld because of the high carbon content of the .020-inch 
carburised case on the ball shank. Welding time was 16-seconds, Tests 
were made by clamping the heads in a heavy vise and hitting the ball with 
a 4-pound hammer, (See Fig. 11). With the shank made the same length 
as that of the riveted ball a weld of sufficient area was obtained which 
exceeded the strength of the ball as hammer tests destroyed the ball and the 
forging without breaking the weld. Consequently the shank of the ball was 
shortened to reduce weight and cost of the ball further. In this case it 
was possible to break the weld, but only after bending the neck of the ball 
and destroying the boss of the forging with blows which elongated the hole 
20 percent. This produced a leverage on the weld which eventually pulled 
it apart. This is far in excess of loads occurring in actual service as field 
tests later proved the welded short shank ball OK. 

Cost—riveted ball considered 100 percent for comparison. 


Riveted Ball Percent 

Material . 15.6 

Automatic Screw Machine. 5 9 

Drill Hole in Shank. 4.7 

Carborffie and harden ball end only. 27.2 

Centerless Grind Shank . 3.8 

Assemble and Rivet . 4.7 

Burden . 38.1 


Total . 100.0 

Welded Ball 

Material .... 

Automatic „... 

Carburise and harden all over. 14.0 

Centerless Grind Shank . 3.9 

Assemble and Weld. 7 0 

Burden . 33 0 

Total 77 7 

Savings per pair due to arc welding (2 Req'd. per mower) 

Steel saved.= 10% Cost saved.. = 22% 
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This does not include cost saved by omitting chamfer at bottom of hole in 
knife head which is necessary for riveting but not welding. 

(C)> Propeller Shaft Tube—This is shown in Figs. 12 and 13 and 
consists of two telescoping J4'inch thick steel tubes with malleable iron bell 
housings plug welded at one end of each tube. The tubes have swadged 
shoulders which mate and thus act as stops. When the mower strikes a 
stump the tubes telescope and when free of the obstruction the pull spring 
jerks the tubes up to the stop shoulders again. This tends to pull the two 
bell castings off the tubes and thus tends to shear the plug welds, two of 
which are used at each end. 

The tube assembly is also subjected to severe bending loads in service. 

Previous to adopting the plug welded method, the tubes were braced 
at the end of the hub of the castings where the tubes enter. This was not 
satisfactory as the tube became annealed thereby. Since it is a cold drawn 
seamless tube it was weakened to the extent of causing it to bend in some 
cases. With plug arc welding the tubes are obviously annealed only well 
inside the ends of the castings which provide plenty of reinforcing stiffness. 
In testing a mower with one of the plug welded tubes, the mower was run 
against solid obstructions. The automatic clutch release had been discon¬ 
nected so that after the bar swung back to the limit stops in the tube assembly, 
the tractor wheels kept pushing ahead. This rotated the whole tractor around 
the obstruction, skidding the front wheels sideways but not bending the 
plug welded tube assembly. 



Fig. 17, (above). Left hand frame with welds shown by white paint. Fig. 18, (below), left 
hand frame with welds unretouched. 




Fig. 19. Design #2, the composite from©. 

A saving of 5 1 /2' m imi t es is made on this tube assembly by arc welding 
as compared with brazing. When overhead is added this amounts to S l / 2 
percent of the cost of the tube assembly. The holes for plug welding are 
formed by two projections on the main core and therefore add no appre- 
ciable cost. Brazing, at these holes only, did not give sufficient strength. 

(D.), Sheave Stud—This is 1.125-inches diameter x 5-inches long with 
a 1.62-inch diameter head, (See Figs. 14 and 15). This part would normally 
be made in an automatic screw machine. The head is a standard washer 
button or plug welded at the end of a pin by welding through the hole in 
the washer. A row of pins are set in a fixture with recesses which hold the 
washers concentric while welding. The pin is cyanide hardened all over 
after welding. Projection welding does not give enough strength in this case. 

Costs—non-welded part considered 100 percent for comparison. 

Automatic Screw Machine 

M ^thod Arc Welded Method 



Percent 


Percent 

Material ._.. 

. 44.6 

Material .... 

. 24.1 

Labor . 

. 14.2 

Labor ........ 

. 18.3 

Heat Treat . 

.. 13.0 

Heat Treat . 

. 13.0 

Burden . 

. 28.2 

Burden .. 

. 36.7 

Total . 

. 100.0 

Total .. 

. 92.1 


Saving of Steel 50 percent 



Cost Reduction 8 percent 


The saving in 

cost here is small 

as the welding 

is done by hand at 
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Fig. 20. Design $4, the arc welded mower frame. 

present. With larger quantities a greater saving could be made by an auto 
matic welding machine with a continuous feed. Such a machine could 
accommodate various diameters and lengths of pins and thus be used on 
long pins, shafts, screws, etc. It would be best suited for sises upward of 
about Hnch diameter as cold heading machines can produce pins in one 
operation in the smaller diameters because the stock is fed into the header 
from coils. 

(E.), Adjusting Screws—Five of these ^dnch and %dnch diameter 
screws are used per mower with lengths from 5 "inches to 16dnches long. 
These are welded similar to the sheave studs, that is, by putting a nut with 
smooth hole part way over the end of the screw and plug welding the hole 
flush, (Sec Figs. 14, 15 and 16). 

Welding could be eliminated on these screws by merely screwing a nut 
on the end of the threaded rod and let the end project through the nut 
as is common practice on some equipment. 

This is not as satisfactory as our method because several inches of travel 
is necessary in most cases, and a threaded rod projecting from the nut inter" 
feres with the wrench and also is easily damaged. The welded screw turns 
in a cast iron plug in the end of the balance spring and the part projecting 
through is protected inside of the spring. The following are savings made 
on five of these screws used on the mower by arc welding, as compared 
with making them on an automatic. 

Steel saved 58 percent Cost reduction 19 percent 



Fig. 21, (left). The drag bar first design (bottom) and second design (top). Fig. 22, (right). 
Typical break in drag bar due to fatigue. 
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Fig. 23. Telescoping propeller shaft. 

(F.), Right and Left Frame Members—These are made of 34" x 2" x 3 "inch 
angle iron with steel plates fillet arc welded at each end as shown in Figs. 17 
and 18. Fig. 17 shows welds in white. Before this was finally adopted, the 
following four designs were considered: 

1. One piece malleable casting. 

2. Angle iron with a malleable casting bolted on ends. 

3. One piece steel castings. 

4. Arc welded steel. 

No. 1 was not tried as experience indicated that light section of malleable 
castings this length ( 23 V 2 "inch) usually warp too much. 

No. 2 was tried and is shown in Fig. 19. 

This required four different end castings and was consequently expensive 
as each required separate patterns, tools and machining. Also when on 
test it was almost impossible to keep the bolts tight, some breakage of cast" 
ings also occurred. 

Design No. 3 was not attempted as the cost of both the material and 
machining figured too high. Right and left patterns would have been 
required also. 

The No. 4 design, (See Fig. 20), welded frames required no right or 
left parts, the same end plates being used for both sides of the tractor. 
These end plates are blanked and pierced in one operation out of % 6'inch 
hot rolled plate and require no machining. 

Two frames are welded in a horizontal jig at the same time. The end 
pieces are placed on locating pins and a hand lever brings them up against 
the ends of the angle irons and holds them square. A small gusset and angle 
bracket are also welded in place on one frame. The length of the assembly 
is held uniform by a stop. After tacking, the frames are removed from the 
jig and the remainder of the welding is done on the bench. 
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Comparison of No. 2, 3 and 4 design frames. 

(No. 2 considered 100 percent for comparative purposes) 


#2 Cast Steel Frame 
#3 Composite Frame 
Arc Welded Steel 
Average weight saved fc 
Average cost reduction 


Weight per pair 

34.8 lb. = 100% 

31.4 = 90% 

29.8 = 86% 
welding 12 percent 

■ welding 22% percent 


Cost of Pair 
= 100 % 

= 82% 

= 73% 


(G.), Drag Bar—This is a 1%-inch diameter 40 carbon alloy steel bar 
with four parts arc welded to it. The assembly weighs 17-pounds and is 
heat-treated to 388 Brinell hardness after welding. 

See Fig. 21. The mower is supported on the small end of the bar and 
held in place in the hinge casting by a large nut. Severe bending loads 
occur on the bar at the section adjacent to the malleable hinge casting. Two 
previous designs were tried before fatigue failures at the collar were 
eliminated. In the first a loose collar was pinned on the shaft but the pin hole 
weakened the shaft causing breakage in service and also sometimes when 
quenching in the heat treat process. 

The second design shown in upper view Fig. 21 had a narrow ring 
pressed on to form the shoulder and an arc weld run all around it. Breakage 
occurred in a few mowers however in spite of heat treating after welding. 
A photo of a bar which broke in service is shown in Fig. 22 and is a typical 
fatigue fracture. It was found that the fillet weld was undercutting the shaft 
slightly which allowed a concentration of high stresses at this point. 

Consequently the third design shown in lower view Fig. 21 with a wide 
collar was tried and no more trouble occurred. The collar has a 1: % 6 -inch 
diameter hole drilled through and is plug welded to the bar. In this way the 
weld cannot undercut and the section of greatest stress is not at the weld 
but at the edge of the collar. A change in design also allowed us to simplify 
the large end of the bar to eliminate the two reinforcement straps at the 
large eye for the rubber mounting bushings. 

In the latest design the bushings are mounted in the drag bar bracket 
instead of the drag bar itself. This allows the eye to be a flat steel plate 
which permits ample fillet welding without any reinforcing pieces. 



Fig. 24. Arc welded propeller shaft. 




1162 


STUDIES IN ARC VTELDING 


Summary of Savings due to Arc Welding: 



Weight Saved 

Reduction in 
Cost 
Percent. 

Lbs. 

Percent. 

A Cranlcfihaft 



7 

B Sickle head ball. 

.22 

10 

22 

C Propeller shaft tnhe 



S 

D Sheave stud. 

1.55 

50 

10 

E Adjusting screws . 

8.96 

58 

19 

F Right and left frame. 

3.30 

12 

22 

G Drag bar.. 



4 

H Propeller shaft... 

2.00 

17 

25 

I Hand lever. 

.40 

8 

12 


Total saving per mower___ 16.43 lbs. 

Savings made per mower in percent, — 

Weight saved 3 X A% 

Cost reduction 6j4% 

Conclusion—We are trying more applications of arc welding on this 
and other mowers and equipment made by our company and these will be 
used in production whenever experimental work proves them to have 
advantages. 

Our present yearly production of approximately 7000 mowers plus 
service parts results in savings of $43,995 per year including 123,000 pounds 
of material saved. 

Use of arc welding to the same extent by other makers of industrial* 
mowers would, it is estimated, save at least $225,000 annually and release 
about 630,000 pounds of vital material for other uses. 














Chapter XXX—One-Piece Design of Farm Sprayer 
By J. R. Love 

Manager and Engineer . Love Tractor , Inc., Eau Claire, Michigan 



Subject Matter: Design, construction, advantages, and cost of 
an arc welded sprayer. Arc welded step platforms for tractors 
and a welded disc harrow are also described. The arc welded 
sprayer is of all-metal construction having a tank of frameless- 
transport-trailer construction, protected straight-in-line power 
take off, pump in the rear, and tank in the front to give better 
load distribution. The welded construction of this sprayer 
deci eased the weight 800-pounds and decreased the cost $60 
per unit. Many features of this unit would not have been pos¬ 
sible without welding. 


J. R. Love 


In writing this paper, my main objective is not to point out how any one 
particular item manufactured by us is produced cheaper, stronger or more 
beautiful or better in any other respect, by electric arc welding process. 
Rather, I would like to prove to you that arc welding design can be prac¬ 
ticed in general throughout the farm machinery manufacturing industry, in 
particular to a great advantage, not only to the manufacturer, but to the 
farmer as well. To do this, I would like to give you, first, a resume of our 
business. 

I am the manager and chief stockholder of a small farm equipment manu¬ 
facturing corporation. Because of the ever growing competition, a small 
company, such as ours, must build exceptionally good products to sell them 
in the same market with the products of national reputation, and we are 
obliged to cut the cost of each individual unit as we cannot look to quantity 
buying and mass production as a means of lowering costs. 

From 1932 to 1936, we built farm tractors exclusively. These units were 
built up from standard automotive units. By careful selection of these units, 
we were able to secure a full floating truck rear axle and truck transmission 
which had properly balanced gear ratios and capacities to be used with the 
four cylinder, battery ignition and starter equipped motor. These tractors, 
were of course, all rubber tire equipped. The functional units of this tractor 
were mounted in a frame made of structural steel shapes and castings, bolted 
together. 

However, in 1936, we lost all of our patterns (several thousands of dollars 
worth) when the foundry burned down. Neither we, nor the foundry 
had these patterns insured and consequently, they were a total loss to us. 

When we started design of our 1937 tractor, we were determined to 
eliminate every casting that we had formally finished ourselves and thereby 
eliminate the need of any pattern equipment, regardless of comparative cost 
of the cast part and the fabricated steel part. We were influenced to 
eliminate patterns, not only by the chance of destruction, such as the fire we 
had just been the victim of, but more so because the automotive units that we 
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used in our tractor were continually being redesigned and consequently meant 
that we had to change the shape' of our parts, in order to adapt them. 

Such a procedure invariably meant the obsolescence of the old pattern and 
the making of a new one to replace it. 

In this, our first experience of steel fabricated parts, we not only produced 
a more beautiful and more serviceable tractor, but were able to produce each 
unit cheaper and without the necessity of investing our much needed capital 
in expensive pattern equipment. 

The foregoing, is of course history for which we cannot take too much 
credit, as it happened more as an accident than as any great thinking on my 
part. However, it left one indelible fact with me which has had more influence 
in the continued success of our business than all other facts combined. That is, 
no matter what the equipment may be, fabricate it from structural steel, if at 
all possible. It can be said, in practically every instance that whether the 
requirements are for a single experimental unit, or for mass production, that 
it is less expensive to fabricate from steel shapes, than it is to make by casting. 



Fig. 1. Sprayer hitch. 


The equipment we have available to fabricate our steel consists of the 
>llowing: 

Electric arc welding motor generators, shear and hole punches, drill 
■esses, flame shape cutting machine, stationary and portable grinders, hy- 
aulic presses and power roll. 

These machines are not only less expensive in their sum total than the 
achines that are necessary to finish comparable cast parts, but they serve 
any more uses in shop maintanence and (especially since the War Emergem 
is) as repair and service means of keeping other equipment in use, beyond 

normal life. 

Our tractors, from the earliest model in 1932, were equipped with rubber 
es and self starter, these tractors were and still are, in truth, of the most 
)dern design. However, when the new Ford'Ferguson tractor was put on 
5 market, we believed it wise not to compete with this tractor, because in 
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our estimation, it is the answer to the farmers’ demands for a small but powers 
ful modern tractor, at low cost; and such being the case, it would be much 
harder to sell our own. We, therefore, decided that we would be much better 
off to hitch on to their band-wagon” and “get a free ride" by producing 
equipment designed especially for use with this Ford tractor. Incidentally, 
although the Ford tractor, m outward appearances, is based on cast design, 
electric arc welding is used in many places, such as the radiator to the front 
motor support bracket, the radiator grille, the radiator side shields, the radiator 
itself, the hood, etc. But probably the biggest saving they make is the least 
obvious -many thousands of dollars worth of castings for all parts of the 
tractor, from the front axle to the rear axle inclusive, are saved from the 
scrap heap by patch welding. Blow holes, cracks and other flaws or defects 
which would make the castings unfit for use either because of appearance or 
the fact that they would leak grease or would not have the required strength, 
are patch welded into usability. 


The alloy used in casting these Ford tractor parts is much stronger than 
any previously used for similar parts. This means that these parts can be 
cast thinner and therefore lighter in weight without losing any strength. 
This saving of casting weight is of course, a direct saving. But this saving 
would be partially nullified if not wholly lost, because of the difficulty in 
casting this material and the subsequent appearance of defects as mentioned 
above, if it were not for the fact that a very few cents worth of electric arc 
welding with the proper alloy electrode repairs these castings to the proper 
standards of strength and appearance. 

The first accessory that we built to sell with the Ford tractor, was a set 
of step platforms or running boards. These platforms supplied the one com' 
fort that the Ford engineers omitted in designing the tractor. The chief 
purpose of these steps was to allow the tractor operator to drive the tractor 
from a standing position. Most tractors provide a means so the operator can 
stand up occasionally because the change in position relieves the strain of 
driving, particularly on rough ground. These step platforms also serve as an 
easier means of getting on and off the tractor. 

The corner edges are rounded and the unit tapers from a wide width 
at the back edge, where the driver stands, to a narrow width on the front or 
leading edges. These platforms were formed from 14-gauge blue sheet steel. 
They were tapered narrow to the front, and held narrow enough on the 
overall width of the widest part so that they could be left on the tractor while 
cultivating corn or other row crops. In order that the outer edge of these 
platforms would not cut or injure row crop plants as the platform passed by 
them, a piece of round edge flat stock, J/ 4 -inch thick by launch wide, was 
formed to the shape of the outer edge of the sheet and arc welded to it so 
the wide flat surface of this material came in contact with the row crop 
plants. This flat bar also served to give added strength to this 14-gauge plat¬ 
form material. A pair of these platforms were bolted to a pair of angle iron 
supports which were mounted transversely under the tractor transmission 
housing. To these angles, were welded two steel straps or lugs, which served 
as mounting bosses for bolting to the underside of this transmission housing. 

The flat 14-gauge sheets were sheared and trimmed from templates and 
formed in a press break. The jigs for holding this sheet and the rolled %-inch 
by lV^-inch flat strap while the two were being welded together and the jigs 
for holding the support angle and the mounting bosses were made by welding 
structural steel shapes. Together with the template for shearing, in all, cost 
$86. These platforms were manufactured in lots of 100 sets and from all 
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appearances it looked as though it would be a very profitable improvement 
for the tractor. In fact, it looked so good, one of the Ford tractor distributers 
influenced another company to manufacture a similar product. 

This company copied the shape of our platform identically and decided 
the product was good enough to warrant manufacturing it by the thousands, 
and spent over $5000 making fixtures and dies to stamp or press these out 
of a sheet without welding, they started a sales campaign at once. 

This product was very acceptable to the farmer, but both ourselves and the 
other company overlooked one important fact. The most important fact, that 
is, that the product was not acceptable to the Ford dealer, our only suitable 
medium of selling or contacting the Ford tractor owner. This product was not 
acceptable to the dealer because invariably, when the farmer saw the plat" 
forms, he wanted them but insisted they be “thrown in” with the tractor 
deal, or else “the deal would be off”. The dealer soon became tired of this, 
consequently it was very difficult to sell more than the first or second set to 
any dealer. Because the tractor was a new product, there was not, at that 
time, nor is there as yet, enough tractors out to make it profitable for the 
dealer to handle these as an accessory for tractors already sold. However, 
that day will come. In the meantime, we have been able to sell a few hundred 
sets, enough to pay for our inexpensive welding fixtures and advertising and 
give us a fair profit besides. While the “smart alecs” who copied our plat' 
form have not even begun to pay for their $5000 fixtures nor their expensive 
advertising. If their cost of manufacturing is any less by stamping, which I 
doubt, as it requires a larger size sheet and consequently more waste or scrap, 
they will have to make many thousands of these units before their present 
losses will be amortized. Long before they have broken even, we will have 
made a considerable profit and have ample time to investigate the marketing 
possibilities of these platforms, and other manufacturing methods. 

After having learned this valuable lesson without loss, we decided that 
we would be wise to manufacture a unit that would be a source of considerable 
profit to the Ford tractor dealer, and a unit that would not only be acceptable 
to the farmer, but that could be sold to him without too much “chiseling” 
because of competition. 

Being located in the center of the richest fruit farming area in the United 
States, we are, of course, very familiar with the problems encountered by 
these farmers and their desires for improved equipment. The most important 
piece of equipment, other than their farm tractor, is the power sprayer; and 
in particular the tractor power"take"Off, power sprayer, that is, a sprayer 
which gets the necessary power to drive the spray pump from the tractor 
motor by taking power off a shaft extending from the rear of the tractor 
by means of a telescoping tube and shaft and universal joints, connecting from 
the power"take"off shaft on the rear of the tractor to the shaft to be driven 
on the sprayer. The universal joints provide a flexible coupling means between 
the two units. 

However, the power"take-off sprayers built by all companies date back 
to the original conception of a sprayer when the farming was done by horses. 
The horse'drawn sprayers, naturally had to have their own motor. The con" 
ventional design then used by all companies was to set the motor on the front 
of the sprayer to drive the pump by means of reduced speed by use of a chain 
and sprocket reduction. On the back of the pump was another sprocket drive 
which drove the agitator shaft after a further reduction in speed. This agitator 
shaft extended through the 100" to 3 00" gall on wood tank which held the 
spray liquid and agitated this spray liquid by means of paddles attached to 



SECTION IX—MACHINERY 


1167 



Fig. 2. Hitch pivot bracket. 

the shaft. In this horse drawn version, there was of course, a front axle 
and a rear axle. Some units were made on skids and set on wagons, others 
were built using a channel iron frame to which were bolted the two axles, 
the front axle being on the very front of the rig and the rear axle being 
approximately under the center of the tank. When these companies re- 
designed their sprayers for use with tractor power-take-off’s they simply 
eliminated the motor, and in its place put a jack shaft with the sprocket to 
drive the pump. The tractor power-take-off universal drive shaft was con¬ 
nected to this jack shaft. The front wheel and trucks of the sprayer were 
eliminated and a hitch made to connect to the tractor draw bar. The rear 
axle of the sprayer was left in essentially the same place, that is, under the 
center of the tank. The farmers have found the following faults with this 
sprayer: 

Because of the weight of the pump and drive mechanism and the frame, 
the front of the sprayer weighed about 800-pounds and consequently could 
not be lifted to mount it to the tractor nor could the sprayer be moved about 
for storage in his tool shed. Probably the biggest objection was the always 
present threat of serious injury because the power-take-off universal drive 
shaft extended from the rear of the tractor over the sprayer tongue, and the 
tractor operator had to work very close to this shaft, both while operating 
the unit and while servicing the pump. Most companies today provide a 
shield to guard against injury from this revolving shaft. However, these 
shields are separate loose pieces and are sooner or later discarded by the 
operator because of the nuisance of putting them on, or because they are 
misplaced or even bent from handling. The open chain and sprocket drives 
on this pump had to work under dusty conditions and wore fast, requiring 
constant adjustment and frequent replacement. 

The wood tank in these units dried out and shrunk during the unused 
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periods and had to be soaked up for several hours or sometimes several days 
before they stopped leaking. 

Because the axle was located under the center of the tank, the spray 
liquid would run to the back of the tank when the tractor and sprayer were 
going up a steep hill. This naturally concentrated the spray material behind 
the sprayer axle and had a tendency to lift the front of the sprayer. This 
took the weight off the sprayer tongue which in turn reduced the weight on 
the wheels of the tractor and caused the tractor to lose pulling traction when 
it was climbing a hill and needed it most. 

In considering the possibilities adherent to the manufacture of farm power 
sprayers, we found that there were about one-half doren companies producing 
5000 sprayers suitable for general farming operations. There were a few other 
companies listed as power sprayer manufacturers who built an additional 4000 
units per year. But these were, in reality, “glorified barrel pump sprayers.'” 
In further breaking down of the data on sprayers, we found that about one 
half of these units were tractor drawn power-take-off driven sprayers. This 
meant that each of the major manufacturing companies were building 300 to 
500 of this type of sprayers per year. 

This also meant that the demand for sprayers did not warrant mass pro¬ 
duction and therefore would not interest any larger company. In fact, be¬ 
cause of the number of models produced by these companies, they could 
not approach any semblance of volume production on any type sprayer. 
This meant that we would be able to produce sprayers, at least on an equal 
footing with the other companies. And all these companies were building 
units exactly alike, differing only in the actual details of construction. We 
therefore felt confident that we could greatly improve the sprayer, and at 
the same time, price it so that the Ford tractor dealer would be interested 
in handling it. 

In February, 1940, we started to lay out the experimental model. On 
March 20, 1940, we finished the first sprayer and immediately put it to 
actual field tests on a neighboring farm. We are proud to say, this sprayer 
has operated continously since that time, and we have not found it necessary 
to make any change in design. 

We immediately, thereafter, started production on these sprayers, building 
them to the proper height and balance so that they made a perfect combina¬ 
tion with the Ford tractor, and as was our belief in the beginning, they were 
enthusiastically accepted by the dealers, because they were a good source of 
extra profit for him, and were equal in quality and appearance to the Ford 
tractor. The dealers found them very easy to sell as it was a simple matter 
to point out their superiority over the conventional sprayer. 

We accomplished all the improvements demanded by the farmers and 
were able to build a lighter, cheaper and yet stronger and more durable unit 
than any on the market at that time. 

The conventional sprayer consists of the several individual units as¬ 
sembled together, namely: 

An axle and wheels, frame, tank, pump, pump sub-frame, the power-take-off 
drive mechanism and the operater platform and guard rails. These separate 
items were bolted together to produce the finished product. Both the wood 
and steel tank units illustrate that the old line companies had retained the 
same principle of design in their most modern units. 

By using an all steel welded construction, we are able to eliminate the 
frame and axle by letting the steel tank serve for all three. The platform, 
guard rails and pump sub-frame are combined in one frame unit. Stub 
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wheel spindles are bolted to the side of the tank and sub-frame where they 
are bolted together, using the same bolts. 

Each of the improvements asked for by the fruit growers has been 
accomplished. First, the power-take-off which is above the tongue and hitch 
on the conventional model, is covered or protected by merely reversing its 
position. That is, it is put underneath the sprayer tongue where the opera¬ 
tor cannot possibly fall into it, or otherwise come in contact with it. It is 
possible to do this without lowering the shaft too low to the ground because 
we weld the tapered nose piece (which forms the front part of our sprayer 
frame) to the top of the sides of the spray tank, whereas in the conventional 
sprayer the frames are built from structural iron (usually channel) and the 
tank sets on top of this frame, so that the whole frame is very low to the 
ground, and the power-take-off shaft of necessity, has to come out above the 
front or hitch part of the frame. 

We use a special design of pump which contains its own reduction unit 
of enclosed gears running in oil. This pump mounts on the rear of the 
sprayer behind the tank. The power-take-off drive shaft passes through the 
tank with paddle wheels attached, thereby serving as an agitator shaft as 
well. The stub spindles are bolted at the rear of the tank, and by putting the 
pump at the proper distance behind the tank, the combined weight of this 
pump and platform guard rail sub-frame assembly, balances the weight of 
the empty spray tank and nose hitching piece, (See Figs. 1 and 2), so that 
the front of the sprayer can be picked up with one hand and rolled about on 
a smooth floor as easy as a wheelbarrow. 

Because the tank is ahead of the sprayer axle, the weight of the spray 
liquid is carried between the sprayer axle and the rear axle of the tractor. 
Approximately 40 per cent of this liquid load being carried on the tractor 
rear axle and the remaining 60 per cent on the sprayer axle. Whereas the 
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total load of the spray solution is carried on the axle of a conventional sprayer, 
‘in as much as it is under the center of the tank. 

When our unit is going up a steep hill the weight of the liquid in the 
spray tank shifts with the level of the liquid, as it does in the conventional 
units, putting most of the spray solution in the rear half of the tank. How¬ 
ever, because our tank is completely ahead of the sprayer axle, the weight 
of the spray solution can never be concentrated behind the sprayer axle. 
Actually, the tank hangs between the sprayer axle and the tractor rear 
axle. Therefore, the weight of the spray solution is always divided between 
these two axles so that the tractor always gets added pulling traction from 
the weight of the liquid in our unit, regardless of how steep the hill may be. 

The design of our sprayer is based entirely on fabricated and arc welded 
steel construction. Our sprayer weighs 1500-pounds as compared to 2400- 
tional sprayer of the same capacity. The spray pumps 
comparable design and weigh about 400-pounds each. 
This means mat uui unit, complete, less the pump weighs 1100-pounds as 
against 2000-pounds for the conventional unit. This saving in weight 
not have been accomplished without the use of electric arc welding. 

Even at this particular time, when the saving of steel is most impo 
our sprayer still compares favorably, in as much as the wood tank of a 300- 
gallon conventional sprayer weighs about 300-pounds. This means that the 
frame, axle, wheels, pump sub-frame, platform and guard rails, less the pump 
and wood tank, weigh 1700-pounds, as against 1100-pounds for our complete 
sprayer less the pump. In both cases all of this weight is steel except for 
the sprayer hose, gun and tires. These accessories total about 100-pounds 
.ving a net of 1600-pounds of steel for the competitive unit less the tank, as 
ainst a net for our unit less the same accessories, but complete with tank, 
of 1000-pounds of steel. 

This means that the steel in the competitive unit weighs 60 per cent 



Fig. 4. Agitator bearing. 
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more than our unit complete with the tank, or a direct saving of 600-pounds 
of steel The net cost of this steel, whether bought by mill or warehouse 
shipment, when freight and handling charges are considered, and the cost of 
procurement, would not be less than cents per pound or $ 21 . This, plus 
$40 to $45, the cost of a 300-gallon wood tank, not assembled, makes P an 
obvious saving of $61 or not less than $60 but as much as $ 6 ? per unit. 

The _ construction of our sprayer is based entirely on what we term, 
our finished tank assembly The actual spray tank is 40'inches wide by 
40'inches high by 48-inches long. The shell or body of the tank is made 
of a sheet or 12 'gauge hot-rolled-pickled-and-oiled steel 48-inches wide by 
144-mches long The tank ends are made of % 6 -inch thick hot-rolled-pickled- 
and-oiled steel 40-mches by 40'inches, the bottom edge is cut on 36-inch 
radius to form a round bottom on the tank. All four corners are trimmed on 
9 'inch radius, the bottom blending to the 36-inch radius. The 12 -gauge 
sheet is rolled to conform to the shape of these tank heads with the seam 
on the top center of the tank welded inside and outside. The tank heads 
are set back in %-inch from the edge of the 12-gauge shell. A continuous 
weld is run on both sides of the tank heads, thereby closing all seams so 
that corrosion or rust cannot have any hidden place in which to start. 


The tank shell and heads are completely tack welded together first, as is 
common practice. After the heads are welded in, a 16'!4-inch round hole 
is flame cut in the center of the top of the tank. A rim or hoop made of ]4- 
inch by 1 %-inch flat steel is rolled, the easy way, to an outside diameter of 
17%-inch and butt welded. This ring is welded on the top of the tank, around 
the hole, to form a rim for the tank cover. This ring is welded to the tank 
shell inside and outside, and of course serves as a re'enforcing member for 
the top of the tank. The cover is made from 12 -gauge with a one-inch lip 
formed so that it will fit freely over the above-mentioned rim. 


The hinge is made by welding a piece of %-inch pipe cut 2 'inches long to 
a piece of J 4 'inch x 2 -inches flat stock which in turn is welded to the top of 
this cover. A % 6 -inch diameter bolt fits through this piece of %-inch pipe 
cover. A % 6 'inch diameter bolt fits through this piece of %-inch pipe 
to form the pivoting member for the hinge. Two pieces of %-inch x 1%' 
inch flat stock arc cut the proper length and punched 1 % 2 'bich diameter to 
fit over this % 6 'inch pivot bolt. These %-inch x lJ/ 4 -inch flat pieces are 
butt welded to the top of the tank far enough apart so the %-inch x 2 -inch 
flat stock with the pipe welded on, will fit freely between them forming the 
stationary member of the hinge. 


This earlier construction shown was necessary because we were pur¬ 
chasing the cover assembly complete from an outside source. The stationary 
member of this hinge was formed in a U shape rather than by two straight 
upright straps butt welded to the top of the tank. However, after the 1940 
and 1941 seasons, we began to have complaints of too much rust or corro¬ 
sion around these hinges, The most dangerous place being where the 
stationary or U shape part of the hinge was fastened to the tank. This was 
merely tack welded where the bottom or flat part of the U set on the top 
of the tank. This corrosion was being caused by the corrosive spray solution 
seeping into the crack between the hinge and the cover or the hinge and 
the top of the tank. We changed our source of supply and bought the cover 
only with the rolled flange from a tank-head company and welded the hinge 
on in the manner described. This of course, completely sealed the joints 
between the tank and hinge and cover so that no spray material could seep 
in to start corrosion. Welding, in this case, most obviously meant greater 
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serviceability or durability. We also are making this assembly for 46'cents 
per each less than we purchased them for in 1940 and 1941. We cannot, of 
course know for certain that this saving is traceable to arc welding, but as 
far as we are concerned, the use of arc welding was the means of making 
this saving. It is obvious, in this instance, that the welding saved the punch-* 
ing or drilling of 12 holes, 6 rivets and the time necessary for riveting and 
bending of the stationary hinge piece plus the saving of a 2-inch length of 
J/ 4 -inch x lJ4'inch flat iron. 

For a quick comparison of this earlier method to the welded construction, 
we believe that the welding time and material would compare very favorably 
with the riveting time and the 6 rivets. The saving being in the forming of 
the 12 holes and the small piece of flat steel. However, in this instance, the 
most important consideration was not the cost but rather greater service¬ 
ability. 

A 3-inch pipe flange is welded to the center of the bottom of the tank. 
After welding it on the tank around the outside, the tank shell is burned out 
of the inside of this flange to form the drain hole. This flange is also welded 
on the inside to close the joint between the tank shell and the flange in 
order to prevent corrosion. 

On the front end of the tank is welded the nose piece. This is formed by 
bending a piece of % 6 -inch by 12-inches wide by 80-inches long mild steel to 
form a V. This is bent in a die to form a 3-inch radius at the front or V end. 
The back edges are bent for a distance of 5-inches back from the end, so they 
will lay flat against the sides of the tank and are welded all around. This 
weld actually supports 40 per cent of the weight of the spray solution. This 
nose piece has ample vertical strength to support this weight plus any shock 
loads. One-inch from the bottom of this nose piece, a 12-gauge sheet, the 
shape of the opening formed by the V and the tank head, is welded solidly 
to it so that it cannot buckle sideways. It also serves to re-enforce the tank 
head so that it will not dish or vibrate. At the same time, it forms a bottom 
on the nose piece, making a very convenient carry all compartment for addi¬ 
tional spray guns or hose or other tools and accessories. On the front and 
underneath side of this bottom is bolted the sprayer hitch. The part of 
the tractor hitch that fits over the tractor drawbar is made by welding two 
pieces of 54-inch by 3-inch flat by 8-inches long, on the opposite sides of a 
l%e'inch round bar 11-inches long, overlapping the round bar 2^-inches 
of the lengthwise dimension. This l% 6 -inch round pivots in a piece of 114- 
inch pipe which is welded to two angles which in turn are welded to a ^/y 
inch thick flat plate. The flat plate being the member which bolts to the 
bottom of the sprayer nose. 

In the bottom of this front nose piece is welded a 1 J/ 4 -inch pipe coupling, 
on each side of this coupling are welded re-enforcing triangular shaped 
gussets which are cut from 10- or 12-gauge scrap sheet. These gussets re¬ 
enforce the bottom sheet around the pipe coupling. In this pipe coupling 
is screwed a piece of lJ4-inch pipe, 11-inches long, having a hole drilled 
near the bottom end. A piece of 1-inch pipe 24-inches long, fits freely in* 
side of this pipe. These pipes are used as a telescoping standard to hold 
e ront of the sprayer up when not in use. A j4'inch cotter pin that has 
been sprung apart just enough to make it have a little tension, fits through 
trie hole in the bottom of the l^-inch pipe and corresponding holes in the 
1 “1 24 ' mci } P 1 P e ^g. When the sprayer is being used, the leg is 

pushed up into the pipe, out of the way and held up by the use of this 
cotter pm m the same manner as when using the leg for a stand 
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Across the back head of the spray tank, is welded a piece of 2'inch by 2- 
inch by 3 / 4 'mch angle, this is at about the same height as the bottom of the 
nose piece on the front head of the sprayer. This angle serves as a re-enforc¬ 
ing member, to stiffen the head. A %-inch pipe flange is welded to the upper 
center of this head and a lJ/ 4 -inch pipe coupling is welded in the lower left 
hand corner. 

The flange and coupling are welded inside and outside of the tank, so 
that, here again, we seal the connection against corrosion by closing the 
joint with welding. The upper connection is used for the overflow or 
pressure discharge return from the pump to the tank. The lJ4-inch coupling 
is used for a suction line to the pump. Inside the tank a l : !4-inch pipe nipple 
is screwed into this coupling with a 90 degree elbow attached, being the 
proper length, so that another shorter lJ/ 4 -inch nipple which is screwed 
into this elbow sets directly into the sump, in the bottom of the tank, formed 
by the 3-inch welding-flange. 

The next operation consists of mounting the tank agitator bearing plates 
to the ends of the tank, (See Figs. 3 and 4 ). One end of this plate is 
burned on 36-inch radius. This edge being trimmed on a 45 -degree bevel. 
This radius is made to conform to the tank bottom radius. The 6 1 / 2 dncli 
diameter burned hole in this plate corresponds to the 6 l / 2 'inc\i diameter hole 
burned in the lower center of the heads of the tank. In comparing these 
dimensions it will be apparent that these plates set against the tank heads so 
that the bottom burned radius rests on the %-inch protruding lip of the 
tank shell. The reason for the 45-degree bevel edge on this plate, is so that 
the plate can fit up tightly to the tank head and the edge of the tank shell. 
The bevel part clearing the fillet weld between the tank head and shell. The 
top of this plate just clears the re-enforcing angle welded across the back 
head; and the bottom of the nose section on the front head. The dVi'hmli 
diameter burned hole is of course, made to correspond with the holes in the 
tank heads. As the title of these plates would indicate, they are used to 
mount the bearing housings for the agitators or drive shaft. Before describ¬ 
ing the method of mounting these plates, I believe it best to explain the 
fabrication of the agitator bearings. In this way I can keep the manufactur¬ 
ing operations on the tank, in their proper sequence. 

These bearing housings are made by burning a disc of 9-inch outside 
diameter by 2'inch inside diameter out of l/yinch steel plate. In this is 
welded a piece of cold finished seamless tubing 6 % inches long by Tj/^-inch 
outside diameter by 1 %-inch inside diameter. This tubing is machined true 
on both ends before welding. By so doing, it is a simple matter to hold the 
disc and tube at right angles to one another while welding, by merely clamp¬ 
ing the disc securely to a flat plate with y 2 'inch. spacers between and hold¬ 
ing the tube down tight on its machined end surface against the same flat 
plate. (We do not have a special jig for doing this, but use a table which is 
36 inches square by 1 y 2 'inch thick. This table is full of tapped holes for 
various hold down bolts and is used for holding drop center rims and discs 
when building up wheels or whenever it is necessary to hold two or more 
pieces in true relation to one another. To hold this agitator bearing, we use 
a bolt in the center of this plate with a heavy washer to clamp the tube down. 
The disc is held down by merely laying a similar but heavier disc, built up to 
2 inches thick, on top of it. This hold down disc has the hole burned out 
in the center, sufficiently large to allow clearance for arc welding. After 
ninning this inside bead the bearing is turned over and the outside bead is 
welded on). 



1174 


STUDIES IN ARC WELDING 


Two brass bushings are then pressed into the tube and align reamed to 
finished size for the 134 -inch drive shaft. 

A slight amount of warpage is encountered in the tube when welded 
into the disc, for this reason, the brass bushings are pushed in from the far 
end so they do not have to be pushed through the part where the welding 
took place. After reaming the bushings, the bearing is returned to the 
lathe where this outer end is bored out about 342 'inch large diameter in to 
the face of the bronze bushing. This trues the surface up where it was welded 
so that the packing and packing nut pilot is true on the shaft. The bearing 
is then put on an arbor and the inner face is machined true to about a 6-inch 
diameter or enough less than dVi'hiches so we are certain to have a true 
surface where this bearing bolts to the bearing plate. This bearing is jig 
drilled then bolted to the bearing plate without a gasket. 

We are now ready to weld the bearing plates to the tank heads. Because 
of the length of the bearing and the close fit of the bushings to the shaft, it 
is necessary to have the bearings at each end of the tank in perfect align¬ 
ment. A 1 ]/ 4 -inch shaft is put through the tank, and the bearings with the 
plates bolted an are shoved onto this shaft, and up to the respective tank 
heads, with this close fitting shaft in the bearings, they are of course, in 
perfect alignment. But we do not weld this bearing plate directly to the tank 
head. Because the tank head is distorted to some extent when it is welded 
into the shell and consequently, would leave some rather wide gaps which 
would be difficult to weld. But more important, is the fact that in welding 
onto this % 6 -inch tank head, we find there is additional distortion, due to 
the length of the weld and the heat generated. Therefore, it is practically 
impossible to weld this bearing plate to the head in the true relation necessary. 
This difficulty is very simply overcome by using bars of 54-inch square stock 
16-inches long, to lay against each side of the bearing plate. These bars are 
bent to whatever shape necessary to conform to the tank head, thereby clos¬ 
ing the gap between the two. At the same time, they are kept straight about 
their other axis, so that they lay up tight against the side of the bearing plate. 
By holding these bars tight against the tank head and the bearing plate and 
welding the bar to the tank head, the distortion due to heat takes place be¬ 
tween the head and square bars without disturbing the bearing plate. After 
the bars are welded to the tank head on each side of the bearing plate and 
allowed to cool, the bearing plate is tack welded for a short distance to 
one of the bars. The welder immediately tack welds directly opposite this 
first weld to the other bar. There is sufficient metal in the bars to absorb the 
heat so that no further distortion takes place in the tank head. But there is 
a small amount of distortion caused by the shrinking of the weld when cool¬ 
ing. The welder, after tacking the plate to both bars, on both ends of the 
tank, pulls the 1 34-inch shaft out of the farther bearing . By looking in the 
tank he can determine if the shaft is directly in line with the bearing in the 
other end of the tank. If it is not, he pulls the shaft over in line by making 
additional tack welds on the bearing plate. For example: if the shaft is low 
and to his right as it hangs out of the bearing on the inside opposite end of 
the tank, he welds to the lower right side on the plate. As the weld cools and 
shrinks, it pulls the plate in and toward this weld. This raises the end of 
the shaft toward the center of the hole. With but very little practice, any 
welder familiar with the characteristics of welding steel, can aim this shaft, 
dead center. The bearings are removed after these plates have been welded 
all around, that is, the sides to the 54dnch square bars, and the bottom edge 
to the bottom of the shell and the top edge to the underneath side of the 
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angle on the rear of the tank or the bottom of the carry all compartment on 
the front of the tank. The tank heads are welded to the bearing plate 
completely around the circumference of the 6 1 / 2 "inch diameter holes, there¬ 
by sealing these last seams through which spray material might seep and 
cause corrosion. 

This completes the welding operations on this tank with the exception 
of the drilled ^A-inch by 8-inch by 26-inch side plates which are mounted to 
the rear of the tank. 

In reviewing the procedure so far, you will note that every seam, inside 
and outside in this tank is completely sealed by welding and there are not 
braces or plates welded to the inside of the tank, nor are there any bolts put 
through the tank. The inside of our tank is, in fact, as smooth as a glass 
bottle. Therefore, when thoroughly cleaned and painted with an acid re¬ 
sisting paint, this tank is truly a lifetime tank, whereas the other sprayer 
manufacturers making steel tanks put braces and bolts through them. This 
does not sound like a very serious fault, but we have found that invariably 
serious corrosion starts wherever there are two joining surfaces of metal 
exposed to the spray solution. After studying this corrosion in other 
sprayers, it is my belief that this is not caused by corrosive action of the 
liquid, but rather by electrolytic action between these two pieces of metal 
being submerged in the spray chemicals. This does not seem too far fetched 
when you consider one spray solution used is blue vitriol or copper sulphate, 
the same chemical used in the galvanic cell, the original battery. 

In this instance, welding and welding alone is the only sure method of 
permanently sealing the adjoining steel surfaces against this corrosive action, 
whether it be caused by electrolysis or merely by corrosive action of the 
spray solutions. This means that the normal life of the spray tank can be 
at least tripled, and if repainted every third or fourth year the life of the 
sprayer can be prolonged indefinitely. This repainting protects against rust 
on the body of the shell, which never takes place until the paint is knocked 









off and then does not take the rapid action found in the adjoining surfaces 
of competitive sprayers. In one competitive make of sprayer, I have seen 
corrosion so severe between a brace angle tack welded on the inside of the 
tank head that the rust had formed and was continuing to form so thick 
that it was actually bulging the angle and tank head between welds. This 
company could have prevented this by completely welding, and thereby 
sealing the joints. 

The next step in completing the fabrication of the sprayer is the making 
of the sub-frame, (See Fig. 5). These angles are cut to length and the 3-inch 
by 2 -inch by 31-inches front upright is drilled as shown. This drilling matches 
the drilling on the tank side plates as these frames bolt to the inside of these 
plates. The proper outside end edges of the other angles are ground so that 
they will clear the fillet radius of the angle to which they are welded. This 
permits the butting together of all surfaces of the angles in order that they 
may be securely welded all around. These angles are welded in a jig frame 
which is similar in appearance to the frame itself, having locating stops and 
clamps to hold the angles square and otherwise in the proper relationship 
while being welded. After the frame is removed from the jig a l)4.-inch pipe 
coupling is welded in the upper rear corner of both the right and left assem¬ 
blies. This serves as a mounting bracket into which are screwed the lJ4-inch 
by 11 -inch pipe which serves as the rear part of the guard rails. The frame 
itself serves as the sides of these guard rails and the pump cover serves as 
the front part of this guard rail. The J^-inch by lJ/ 4 -inch by 3-inch flat mild 
steel strap shown welded to the top side of these frames serves as the 
stationary members of the pump cover hinge. 

The pump cover, (See Fig. 6 ), is formed from a sheet of 10-gauge and 
lays on top of these sub-frames. A 1-inch lip is bent down on the back edge 
and up on the front edge of this cover to stiffen it. A V^-inch standard 
threaded hexagon nut is welded into the front comers of this upward bent 
lip to serve as the other part of the hinge. A y 2 'inch bolt is passed through 
the strap on the sub-frame and screwed into this nut. 

In welding the side plates to the tank, they are first bolted to a pair 
of sub-frames. A lJ4-inch shaft is put through the tank bearings and extends 
out the rear of the tank for a distance equal to the length of the sub-frames. 
An angle iron, long enough to extend out 5-inches beyond each side of the 
tank has a boss welded to its center. This boss is drilled lJ/^-inch diameter 
exactly 2 % 6 -inch from the top of the angle to the center of the hole. This 
boss is slipped over the l'!4'inch shaft up to the rear of the tank. The sub- 
frames with the side plates bolted to them are rested on this angle. This 
locates these frames and plates accurately so that the bottom of the sub-frames 
are exactly 2 % 6 -inch below the center of the agitator shaft. By measuring 
down from the top of the tank to the top of each sub-frame they are put 
into position so that they are not only the right distance below the agitator 
shaft, but are also parallel with the top of the tank sideways. The rear part 
of each sub-frame is then raised or lowered so that these sub-frames are 
parallel with this long l]/^-inch shaft. This locates the frames accurately 
in all directions and the side plates are pulled against the tank by using long 
clamps that catch both plates at once. These plates are then securely welded 
all around. This completes the tank assembly and all the welding on the 
tank. On the rear bottom side of this sub-frame, is welded a 12 -gauge steel 
platform. This platform has lips bent down on both the front and 

back edges, being 16-inches wide. This welded platform serves as a channel 
and stiffening member to hold the rear of the sub-frame in place. An 8 -inch 



by 38 V 2 ^ nc ^ l° n g structural channel iron serves for the pump base or sub- 
frame. It is bolted to the bottom side of the spray pump with the wide flat 
side of the channel up. This channel is clamped to the underneath side of the 
sub-frames, and moved sideways so that the pump lines up properly with the 
agitator or drive shaft. It is then securely welded to each sub-frame. 

The wheel spindles, (See Fig. 7 ), are purchased from a company making 
heavy duty truck front wheel spindles. This not only saves the cost of a 
forging die, but we are able to purchase this production spindle completely 
finished much cheaper that we could forge and finish them ourselves. The 
inner or king pin end of this spindle is cut off with an acetylene torch so 
that the inside of the inside end is flat and can be welded to a VS'hich thick 
steel plate. This plate is 8-inches wide by 10-inches long and has four holes 
drilled in it to correspond with the four lower holes in the tank side plates. 
These stub spindles are clamped in a fixture together with the l/^-inch thick 
spindle plates so that the spindle is held square with the plate while they 
are being welded together. 

These wheel spindles and plate assemblies are then bolted to the tank 
side plates. The two rear bolts for these spindles pass through the sprayer 
sub-frame, the tank side plates, and the spindle plate. The lower front bolt 
bolts through the tank side plate and the spindle plate. The upper front 
bolt screws into a tapped hole in the tank side plate. This is done so that 
it is not necessary to put this bolt through the spray tank itself. These wheel 
spindles, mounting to the tank side plates as they do, at the rear of the tank. 
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get the full strength of the cross section of the tank head and the sub-frame 
which is made of heavy angle iron and braced with the pump and platform 
channels at the bottom, forming a very strong, yet neat and simple unit. 

Summary—In comparing the details of construction of our ""all steel, 
all welded’' sprayer with the pieced-together construction of others, it is 
apparent that our construction is superior in every way. First, it is stream¬ 
lined and more attractive because of the elimination of structural frame and 
axle and hold down bolts and tank braces found on the conventional unit. 
Second, there is a remarkable cost per each saving as pointed out in the case 
of the total weight of steel saved and also the saving in manufacturing de¬ 
tails, such as the tank cover. Third, we have made a much more durable 
or longer-lasting unit because of the protection against corrosion as men¬ 
tioned. Also the strength of each part by welding into one integral unit. 
Fourth, the sprayer is made more serviceable because it can be handled very 
easily by one man, when empty he can hitch it or unhitch it from the tractor 
because the weight is balanced on the sprayer axle or he can push it into 
a corner of his tool shed for storage, where it will be out of the way. Where¬ 
as the conventional sprayer required a jack to lift the front of it because of 
its unbalanced design and had to be parked in the middle of the tool storage 
space where the tractor could be backed up and hitched to it. 

Our unit is also more serviceable because of the fact that a part of the 
spray solution load is carried by the rear axle of the tractor. This means the 
sprayer load is lighter and therefore the sprayer pulls easier and this weight 
which is transferred to and carried by the tractor rear axle, increases the 
pulling traction of the tractor. This same transfer of weight is very advan¬ 
tageous in pulling up steep hills. In reviewing the construction of our 
sprayer it might be agreed that we have carried welded design to an extreme 
and thereby made it difficult to install service parts, or to make slight changes 
in specifications to meet special operating conditions. However, when the 
facts are fully considered it will be found that by welding, we have eliminated 
the necessity for replacement and where items are subject to wear, such as 
the agitator bearing, they are bolted on. Another example of this is the 
spindle plate assemblies which are bolted to the sprayer tank and sub-frame 
assembly. Any spindle or axle is subject to wear where the wheel bearings 
are mounted if not properly greased and serviced. If this happens on our 
sprayer either one or both spindle plate assemblies can be purchased for 
much less than the heavier, more complicated axle found on the conventional 
sprayer. In the case of the sprayer cover and hinge assembly, the 46 cents 
per each saved by welding rather than riveting is sufficient to warrant our 
selling the cover and hinge assembly as a unit, rather than as separate pieces 
as they could be when a riveted construction was used. Because of the 
change to the welded hinge we have eliminated the possibility of corrosion 
between the hinge connections to the tank and the cover. In eliminating 
this chance of corrosion, we have practically eliminated the necessity of ever 
replacing this cover. In so far as the changes in,design for special require¬ 
ments are concerned we make the tank in the following sffies: 200, 250- 300' 
and 400-gallons. 

These tanks are all made the same width and have the same tank side 
plates welded to them. These plates are located in the same place using the 
same locating jig as explained in the manufacturing procedure. This means 
that the sub-frame mounting dimensions are exactly the same. This sub-frame 
is made to support three sizes of pumps. These three sffies covering the re' 
quirements of all types of spraying and all capacities within the scope of the 



Ford tractor. Because the mounting dimensions are the same for all sub¬ 
frames this means that any sub-frame or pump sri;e can be assembled to any 
tank sise, all being formed using the same set of welding jigs. We also build 
this sprayer equipping it with a motor for motor drive for use where power- 
take-off equipment is not practical. This enables the Ford tractor dealer to 
have a full line of sprayer equipment, and thereby take advantage of all 
possible sales. These motor driven sprayers are made by merely extending 
the sub-frame further back giving enough room for the motor to set behind 
the pump. By crowding the pump and motor as far forward as possible 
and by mounting the spindle plates so that the spindles are offset to the rear 
of the unit we still maintain our balanced weight design. This motorized 
sub-frame also fits all sries of tanks. 



Here again wc are able to meet the special requirements of tread width 
and axle height without special patterns, tools or equipment by merely fabri¬ 
cating axle extensions that bolt onto the tank side plates where the spindle 
plates normally bolt. The spindle plates are then bolted onto the outer end 
of these extensions. These extension axles arc made by welding the proper 
length of 3-inch pipe between two of our standard (Vs-inch x 8-inches x 10- 
inches) spindle plates, thus giving the desired tread width. By offsetting 
the plates where they weld to the respective ends of the pipe we are able to 
raise the sprayer for additional clearance over the crop rows to avoid injury 
to plants. 

In double checking the advantages gained in our sprayer by the uses of 
arc welding, I believe you will agree with me that it would not be possible 
to build our unit either wholly or in part without the use of arc welding. It 
might be possible but certainly not practical to build a steel tank by riveting 







or bolting the heads in. It is even imaginable to picture the nose piece or 
front part of the frame as riveted together and riveted to the tank by using 
a little wider and longer material so that there would be more surface on 
which to rivet the nose piece to the tank, but with such a construction would 
come the most serious defect found in steel spray tanks. This being the 
multitude of seams or joints left exposed to the corrosive spray solution. By 
welding every seam and joint as we have inside and outside of our tank we 
have settled the question of the durability of the steel tank versus the wood 
tank by eliminating the possibility of damaging corrosion. In making still 
further comparisons it would not be possible for us to make use of the 
standard automotive production spindle if we could not cut it off to the 
proper dimension and weld it to the steel plate. The only alternative method 
would be to have a special forging and forging die made which would give 
. us a flanged type of spindle that could be bolted to a steel plate. If we had 
to do this we would have to invest several hundred dollars in the forging 
die and then pay more per each for the rough forgings than the price of $1.50 
each, which we are now paying for the finished automotive spindle. We would 
also have to invest in at least one year's requirement of these rough forgings 
in order to interest any forging company to produce them (our present 
production averaging from 75 to 100 units per year). Finishing these spindles 
on an engine lathe together with the drilling and milling operations, would 
require approximately 6 hours time per pair. 


This means that a pair of spindles if forged and machined by us would 
cost us close to $10. as against $3. per pair plus the cost of the acetylene cut¬ 
ting for the spindle we are using. This saving seems so out of proportion 
with the total cost of our spindle that we believe it is best to say that there 
is a very large saving and not attempt to argue actual dollars and cents. But 
we have as yet not considered any dies cost and this die might easily become 
obsolete if the wheel manufacturers should change the design of the wheel 
hub or bearings. This goes back to our belief, proven first, in our former 
tractor design, that is, to eliminate castings and consequently patterns 
wherever possible. To carry the argument for welded design in our sprayer 
still further I ask you simply how else could we possibly mount our agita¬ 
tor bearing plates without subjecting them to the distortion in the tank 
heads? There is no conceivable practical method by which these agitator 
or drive shaft bearings could be held in line or lined up at all for that matter. 
The only possible method would be to bolt or rivet a heavy plate to the 
tank head using some type of plastic sealing compound between the two in 
order to take care of the irregularities between the two services. To this 
plate would then have to be bolted a self aligning bearing which would be 
very difficult if not impossible to keep from leaking spray liquid. Such a con¬ 
struction would still be subjected to vibrations and bulging which might take 
place in the tank heads. Whereas, by welding the plate in, we form a very 
strong and rigid unit. By welding these several parts together to form the 
finished tank assembly the strength of each part is added to the whole form¬ 
ing a very durable unit, eliminating the necessity of any frame. 

Let us refer again to the conventional sprayer. The use of arc welding 
to replace other means of fastening does, of course, form a more durable 
joint and usually is less expensive, but cannot be considered as welded design 
or the using of arc welded construction to its fullest advantage. ’ 

In our design we have completely eliminated this built up frame axle and 
tongue at a saving of 600-pounds of steel and the cost of the wood spray 
tank. Their frame has to be built strong enough to carry the spray tank 




Fig. 8. Tractor disc harrow. 

and spray solution load. They are not able to use any of the strength built 
into their spray tank to an advantage, whether it be made of steel or wood. 

Another advantage of our unit and one which cannot be accurately 
measured is the permanent built-in protection from the very dangerous fast 
revolving power-take-ofl shaft. This is accomplished by building the front 
of our frame over the shaft by welding it to the top of our tank. This is a 
simple matter in our construction but could not be done on the conventional 
sprayer. It would be possible for them to build their frame up on the front 
end by the use of additional structure shapes, but this would make their unit 
even more awkward and hundlcsome looking than it is at present, to say 
nothing ot the added expense. In one county alone, there were 3 deaths 
attributed to tractor power^take-olFs in 1941. 

These shafts seriously injure many hundreds each year and many 
hundreds more are lucky enough to escape by merely having their clothes 
torn off. In this case welding simplifies the protection so that in giving 
credit for this increased safety, at low cost it must be given first to welded 
design, not merely to welding alone, because the sprayer itself was conceived 
with arc welding as an integral part of it. 

The total cash savings accomplished per year cannot be accurately 
itemised in our case because wc can only guess at our competitors cost per 
each or what our cost would be by other methods, inasmuch as we designed 
the sprayer to make a full use of arc welding from the beginning. Having 
learned through our early experience in the manufacture of tractors, that we 
could make our products better in every respect and for less initial cost and 
less preparatory expense by using arc welded design to its fullest extent. 
However, we have one very positive comparison of cost in the total pounds 
of steel saved and the cost of the spray tank as pointed out. In 1941 we 
built 68 units • -taking the low value of $60 each, this meant a total saving of 
$4,080. We are also making an actual saving of 46'Cents per each on the 
tank cover assembly or a total saving of $31.28. This also can be attributed 
to arc welding. In the assumed case the welded wheel spindle versus the 
bolted one, there would be an apparent saving of $476 for the 68 units in 
1941. However, these unfavorable comparisons for other construction 
methods could be made throughout the unit but could only be made on an 
assumed basis. Therefore, we believe it best not to make such comparisons 
but to say only that we are and were certain that the welded construction 
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was the cheapest and has been used to an advantage wherever practicable. 

It may seem a little far fetched when I state as I did at the beginning, 
that I believe that farm equipment can be built better in every respect and 
for less money by the use of arc welded design. But I still maintain that I 
am right. There are a few cases, such as a tractor transmission housing or 
other gear housings that for various reasons can be cast and machined 
cheaper than they can be welded. But these are only remote exceptions to 
the rule—whenever possible build your equipment of fabricated steel and 
design it from the “ground up” for arc welded design. As a further argu¬ 
ment in the favor of arc welding, we are enclosing pictures of our tractor disc 
harrow, our latest achievement, (See Fig. 8) . This unit I have patented and 
have made contracts for its mass production by a large farm equipment 
manufacturer. This disc does better work than the present conventional discs 
and has undergone all conceivable tests from Florida to Arizona to Michigan. 
It had to prove itself before this company would consider its manufacture 
because of its unique design. Our 7-foot tandem disc weighs 614-pounds as 
against an average of the conventional unit of about 900-pounds. Yet this 
disc penetrates the soil as well as the present type. The disc gangs are 
similar to the standard construction. The total weight saved and the unique¬ 
ness of design being all in the framework. This frame is one solid unit with¬ 
out a bolt in it. It is welded from one end to the other. Each small brace 
re-enforcing each other brace and holding the disc gangs in a truer relation¬ 
ship than possible in the conventional disc. This frame is stronger and will 
stand more abusive use than the conventional frame, although we have 
saved over one half of the weight usually found in the frame, or one-third 
the total weight of the disc. This unit would not have been possible without 
the use of arc welded design. 

The one reason our disc has been so extensively tested by this farm 
implement manufacturer is that they have had to install the arc welding 
equipment necessary and did not want to do so until thoroughly convinced. 
They are still back in the horse and buggy era of implement design —still 
bolting steel to castings to more steel, etc., in order to make connections. 
However, this company has already started to re-design their implements with 
small amounts of arc welding appearing here and there. But it will be several 
years, if ever, before they eventually arrive at true arc welded design. 

How much better off both they and the farmer would be if they would 
scrap their present design of implements—clean the cobwebs off of their 
drawing boards and design for truly arc welded construction. 



Chapter XXXI—Arc Welded Bicycle Racks 


tty Jon nt A. Dearie 

Dr.i)tsman. Western Union Telegraph Co., K[ew Tor\, X- T. 



w t i o K S SS ' S ln , 1 t Upon thc P ossi bility of concealing 
\ 1 ooosti-iK-Uon of “open articles" where good appear- 

\ cJtMre< ^ The cost of a riveted rack used by a telegraph 

wu.n!! ,y t i'.' s r'' np r^ with . tllat of a wc ldcd rack of the same 
iid , design. A design is presented for a rack of entirely 
uiiicunt appearance, together with an estimate of cost. 


John A. Dr.im 


As a subject tor arc welding, a bicycle rack would hardly be foremost 
in a person s nund. Arc weld my is primarily thought of as a means of mak¬ 
ing a long continuous joint, a repair or a permanent addition to an iron or 
steel article. Arc welding, possibilities arc frequently overlooked in the 
design and construction of open articles having small and in some cases 
many joints. A bicycle rack is an example of an open article with many 
joints. 3 



<T. 1. Bicyclo rock. riveted construction. 
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STUDIES IN ARC WELDING 



The necessity or cost of grinding welded surfaces is often considered 
a barrier to the use of arc welding when appearance is of importance. Too 
frequently, the possibility of hiding the weld is overlooked. With but few 
exceptions, the welded joints used in the bicycle racks, as described in this 
paper, are hidden. 

Arc Welded Bicycle Racks—The subject of this paper is divided into 
two sections, both related to the single object of improving the design and 
construction of bicycle racks by arc welding. Under the first section are 
discussed the economies and improvement by arc welding in the construction 
of a bicycle rack for telegraph messengers. Drawings, Figs. 1 and 2, showing 
the construction of the standard riveted type and the new arc welded type, 
respectively, are included under this section. The second section is concerned 
with the design of a modern, all purpose bicycle rack of tubular construe- 
tion, arc welded throughout as shown on drawing. Fig. 3. 

Improvement of Telegraph Messengers’ Bicycle Rack—The bicycle rack 
shown on drawing. Fig. 1, with minor variations and alternate construction, 
has been standard for some years. With the exception of the wheel spacer 
assembly of pipe and rod with peened ends, the joints are of riveted con- 
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struction. Screws are used for fastening the bottom braces to the central 
gusset plates to allow the rack to be folded for shipment. 

Drawing, Fig, 2, shows the same rack, arc welded at all joints with the 
exception oi the necessary pivoted joints for folding. Flush rivets are used 
at the top and lower end plates and flat head screws are used at the central 
gusset plates in keeping with the smooth clean appearance of the rack as 
a whole. 

The construction of the wheel spacer assembly may be of interest from 
the standpoint ot the use of the hidden weld. The tubes or pipes are arc 
welded to the under side of the upper cross channel. Holes are punched 
through the web of the lower cross channel to allow the tubes or pipes 
to protrude through the holes approximately J/jdnch to provide a substantial 
welding surface. None oi the welds require grinding inasmuch as they are 
all he low eye level and are therefore hidden. The wheel spacer assembly 
has a clean finished appearance compared with the pecned rod ends on the 
spacer assembly oi the standard rack. 

The pin spacers, for engaging the bike wheel to the rear of dead center, 
are also applied with hidden welds. In this case, a formed 1-inch shift tube 
of approximately 22> degrees is employed as a cross brace. The pins consist 
of %-inch rod, formed into a U U" shape, placed into punched holes in the 
tubing. Welds are again hidden on the under side of the tubing and there¬ 
fore require no grinding. The split tubes arc low and therefore require 
but slightly more than a half round periphery to produce a modern round 
tube effect. 

Other hidden weld joints include the fastening of the wheel spacer 
assembly and split tubes to the end framing or braces. The gusset plates are 
arc welded to the braces by conventional arc welding. No excessive grinding 
is required at these joints, depending to a great extent on the experience 
and technique oi the welder. The gusset plates arc varied from those of 
the standard rack in keeping with the smoother, more finished effect invari¬ 
ably produced in an arc welded design. 

Figures on Savings in Construction by Arc Welding 


Contract cost of standard riveted rack.$ 7.50 

Over a period of a few years these prices have 
varied from $6.50 to $8.50 in average quantities 
of 400, a normal year’s requirement. 

Average quotations on new arc welded rack.$ 6.00 

The arc welded rack was designed in 1941 and 
the quotations were received in the latter part 
of the same year. No contract has been placed 


because of priorities and the established policy of 
the c< >mp.iuv using the racks to buy only in cases 
of extreme necessity any articles made of critical 
materials. The. quotations are from equivalent 
manufacturers and are therefore comparable. 

Saving in cost of each are welded rack as compared with the standard 
riveted rack, $1.50 or 20%. 

Annual saving by our company on 400 units.....$600.00 

Referring to figures on offices and agencies having messenger service, it 
is estimated that from 12,000 to 15,000 racks, of the standard riveted type 
shown on drawing. Fig* 1, and other racks to meet local needs and conditions 
of service, are in use by the same company* The use of the new arc welded 
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STUDIES IN ARC WELDING 



The necessity or cost of grinding welded surfaces is often considered 
a barrier to the use of arc welding when appearance is of importance. Too 
frequently, the possibility of hiding the weld is overlooked. With but few 
exceptions, the welded joints used in the bicycle racks, as described in this 
paper, are hidden. 

Arc Welded Bicycle Racks—The subject of this paper is divided into 
two sections, both related to the single object of improving the design and 
construction of bicycle racks by arc welding. Under the first section are 
discussed the economies and improvement by arc welding in the construction 
of a bicycle rack for telegraph messengers. Drawings, Figs. 1 and 2, showing 
the construction of the standard riveted type and the new arc welded type, 
respectively, are included under this section. The second section is concerned 
with the design of a modem, all purpose bicycle rack of tubular construe 
tion, arc welded throughout as shown on drawing, Fig. 3. 

Improvement of Telegraph Messengers’ Bicycle Rack—The bicycle rack 
shown on drawing, Fig. 1, with minor variations and alternate construction, 
has been standard for some years. With the exception of the wheel spacer 
assembly of pipe and rod with peened ends, the joints are of riveted com 
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struction. Screws are used for fastening the bottom braces to the central 
gusset plates to allow the rack to be folded for shipment. 

Drawing, Fig. 2, shows the same rack, arc welded at all joints with the 
exception of the necessary pivoted joints for folding. Flush rivets are used 
at the top and lower end plates and flat head screws are used at the central 
gusset plates in keeping with the smooth clean appearance of the rack as 
a whole. 

The construction of the wheel spacer assembly may be of interest from 
the standpoint of the use of the hidden weld. The tubes or pipes are arc 
welded to the under side of the upper cross channel. Holes are punched 
through the web of the lower cross channel to allow the tubes or pipes 
to protrude through the holes approximately J/ 4 -inch to provide a substantial 
welding surface. None of the welds require grinding inasmuch as they are 
all below eye level and are therefore hidden. The wheel spacer assembly 
has a clean finished appearance compared with the peened rod ends on the 
spacer assembly of the standard rack. 

The pin spacers, for engaging the bike wheel to the rear of dead center, 
are also applied with hidden welds. In this case, a formed 1 -inch shift tube 
of approximately 225 degrees is employed as a cross brace. The pins consist 
of 54 -inch rod, formed into a shape, placed into punched holes in the 

tubing. Welds are again hidden on the under side of the tubing and there¬ 
fore require no grinding. The split tubes are low and therefore require 
but slightly more than a half round periphery to produce a modem round 
tube effect. 

Other hidden weld joints include the fastening of the wheel spacer 
assembly and split tubes to the end framing or braces. The gusset plates are 
arc welded to the braces by conventional arc welding. No excessive grinding 
is required at these joints, depending to a great extent on the experience 
and technique of the welder. The gusset plates are varied from those of 
the standard rack in keeping with the smoother, more finished effect invari¬ 
ably produced in an arc welded design. 

Figures on Savings in Construction by Arc Welding 

Contract cost of standard riveted rack...$ 7.50 

Over a period of a few years these prices have 
varied from $6.50 to $8.50 in average quantities 
of 400, a normal years requirement. 

Average quotations on new arc welded rack.$ 6.00 

The arc welded rack was designed in 1941 and 
the quotations were received in the latter part 
of the same year. No contract has been placed 
because of priorities and the established policy of 
the company using the racks to buy only in cases 
of extreme necessity any articles made of critical 
materials. The quotations are from equivalent 
manufacturers and are therefore comparable. 

Saving in cost of each arc welded rack as compared with the standard 
riveted rack, $1.50 or 20 %. 

Annual saving by our company on 400 units.$600.00 

Referring to figures on offices and agencies having messenger service, it 
is estimated that from 12,000 to 15,000 racks, of the standard riveted type 
shown on drawing, Fig. 1 , and other racks to meet local needs and conditions 
of service, are in use by the same company. The use of the new arc welded 
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rack as shown on drawing. Fig. 2, would result in total savings of approxi' 
mately $20,000 to the one company alone. 

It would of course be very hazardous to attempt to estimate the total 
number of bicycle racks of similar nature in use today. In any city, town or 
community, we see stores, service companies and other business establish' 
ments using bicycle racks in numbers at least equivalent to several times 
those used by our telegraph company alone. While reluctant to use figures 
arrived at without benefit of statistical data, it appears logical and conserva- 
tive to state that the total economies, which could be realised by the general 
use of an arc welded rack of the nature described, would greatly exceed 
the $20,000 for one company alone and probably would amount to several 
times that figure. 

Tubular Bicycle Rack of Arc Welded Construction—Modern design 
practices are adhered to in the determination of suitable lines for the rack 
shown on drawing, Fig. 3. Tubing is modern for furniture, stands, racks 
and many other articles of such nature. It lends itself readily to the use of 
curves for graceful lines and strength. The end frame is a continuous curve 
with a slight bow at the top running into half circles at either side to match 
the front wheels of bikes alternately and oppositely placed in position. The 
half circles run into a reverse bow at the bottom to prevent "rocker" action 
and to provide a suitable mounting for the lower cross brace of the wheel 
spacer assembly. 

At a glance, the rack appears to be of the conventional, arc welded, 
tube or pipe construction. On study of the details we note, however, that 
hidden welds are employed at practically all joints. The construction of the 
wheel spacer assembly is similar to that of the messengers' bicycle rack. 
Formed split tubing is employed for the upper and lower cross braces with 
the vertical tubes protruding through punched holes in the lower cross brace. 
At both top and bottom joints the vertical tubes arc tack welded to the 
under surfaces of the horizontal tubes or cross braces. The welds are thus 
hidden and require no grinding. If the tubes were joined in the usual manner 
by welded surface contact, the welds would require grinding. Grinding 
would not only weaken the joints but would entail an expensive operation 
considering the construction to free movement of the grinding wheel by 
adjacent uprights. The construction of the pin spacer details, consisting of 
24-inch rod bent "U" shape and welded to the under side of the split tube 
cross brace, is the same as that of the messengers' rack. 

Application and Use—With rubber shortages and gas rationing so pro mb 
nent in the news and so closely woven into the rapidly changing pattern 
of our daily routine, it is needless to furnish proof that use of the bicycle is 
rapidly expanding. What has been the pride of the American boy, is bccom- 
ing the means of transportation of his father. Racks will be required for 
storing the bikes at railroad stations, factories, public buildings and innu- 
merable places. 

The rack shown on drawing. Fig. 3, may be considered in the category 
of a general purpose rack. It is modern and in keeping with the fixtures 
and appointments of a better grade railroad station, municipal building, 
library and other public buildings. The cost is not prohibitive for factories 
and business establishments where a sturdy, serviceable rack would be par¬ 
ticularly desirable. The end frames are standard for all racks. The wheel 
spacer assemblies and cross braces are designed to be furnished in a few 
standard lengths of 4-, 6-, 8- or 10-feet. The drawing shows how the rack 
may be quickly set up and assembled when shipped "knocked down"* 
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Cost of Modern Tubular Rack 

Cost of material for 6-foot rack. 

2—End Frames, 11 -ft. each, 1" dia. X #16-Ga. Welded Tubing, 

22-ft. @ $.133/ft.$ 2.92 

4—Cross Braces, 6-ft. each 1" dia. X #16-Ga. 54 Round Special, 

24-ft. @ $. 12/ft. (estimated)..... 2.88 

22—Uprights, l''4" each, dia. X ;£fcl6-Ga. Welded Tubing, 

3Oft. @ $. 108/ft... 3.24 

22 —Pin Spacers, 11 each side of rack, 54” Rod Approx. 8" long, 

16-ft. @ $.01 S/ft.. .29 

S—Joining Rods, 7 /p" dia., 3" each 2-ft. @$.19/ft.....38 

Incidental material, tube filler for bending, welding material 

etc. (Estimated) . 1.00 

Total Cost of Material.$10.71 

Cost of Labor. 

Estimated Cost of Cutting and Bending Tubes, Punching, Drilling 
and Tapping for 8 Assembly Screws (including Machine 

Set-Up Time) lV^'^rs. @ $2.00/hr. 3.00 

Estimated Cost of Welding and Grinding 1-hr. @ $2.00/hr. 2.00 

Fitting and Incidental Labor.79 

^Spraying with Enamel 6s? Baking Oven Time, including Material 1.50 
Packing for Shipment including Material. 1.00 


Total Labor, Painting and Packing.$8.29 

Total Cost: Total Cost of Rack including Material and Labor 

($10.71 + 8.29)..$ 19.00 


* Chromium Plate would be preferable but as a critical material its use would not 
be justified or proper for this purpose. 

The above figures are based on estimates in reference to labor costs 
but they appear conservative especially if several hundred units are involved. 
The figures were reviewed by two manufacturers who considered them 
reasonable. They also advised that the racks could readily be manufactured 
in quantities of 500 at $23.75, which will allow a margin of 25 percent for 
waste, overhead and profit. 

No direct comparisons on arc welding and other construction methods 
on the modern tubular rack are available. If arc welding as compared with 
riveted construction can effect a 20 percent reduction in selling price on a 
messengers’ rack, the reduction in the tubular rack would be at least as 
great or greater because the joints must be cleaner and smoother inasmuch 
as they are more noticeable. On this basis, arc welding on the modern 
tubular rack would effect a unit saving of $4.75 or 20 percent of the 
selling price. 

Economies and Advantages by Arc Welding Bicycle Racks—We have 
already indicated that gross savings greatly in excess of $ 20,000 and very 
probably several times this figure, may be attributed to the use of arc 
welding on bicycle racks of the type used by telegraph messengers. The 
rack serves a dual purpose in the nature of a holder for bicycles and as a 
stand or frame for a commercial sign. In either case, the use of arc welded 
construction improves the appearance by making it a smoother, more sub¬ 
stantial and finished looking unit. 
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Typical Jotur tN Eno 

Fig. 3. Bicycle rack, tubular arc welded construction. 


We have submitted a modern design for an article of wide application 
ind the many advantages of arc welding in the construction of such an 
irticle. By comparison with the messengers' rack we have indicated unit 
savings of $4.75 in the construction of a modern tubular bicycle rack by 
using arc welded joints throughout. As a striking object of thoroughly 
modem lines, any joint but a smooth joint, or any surface but a smooth 
surface would be decidedly out of place. Any screw head, rivet or peened 
rod end would definitely detract from the attractive appearance and func- 
tional characteristics of the design. The rack is suitable for places where 
“better grade" objects are expected as well as for places where cost is of 
primary importance. 

In arriving at figures for the applications and use of the modern, tubular, 
arc welded bicycle rack, we could refer to railroad time tables and add the 
stations, or a register of manufacturers and add the number of factories, 
or an index of cities and towns with public buildings and meeting places, 
or a church directory and add the number of churches. Not counting the 
applications which would probably be overlooked, the total would undoubt¬ 
edly run into high figures. The gross savings by arc welding would amount 
in dollars to 4.5 times these figures. 

As far as arc welding construction methods are concerned, nothing 
previously unknown has been developed. The hidden weld with resulting 
elimination of grinding costs is responsible to a great extent for savings 
effected by arc welding. While not new a wider application of the hidden 
weld in the design of other articles of open construction would in many 
cases result in similar economies. 




Chapter XXXII—Redesign of Oil-Gas Furnace 


By Lemuel J. Harris 

Manufacturing Foreman, Holland Furnace Co., Holland, Michigan 


Subject Matter: The purchase of a welder inspired this oil and 
gas furnace manufacturer to redesign two parts of the furnace. 
The radiator outlet was changed from a bolted-on casting to a ; 
welded steel thimble. The saving was $.89. The furnace was i 
supported by 3%-inch pipe legs with flanges on the bottom. 
Several castings were necessary to fasten the legs to the furnace 
and stiffen the rather weak pipe legs. A stamping was designed 
to replace the pipe and castings. This change saved $.39 or 
48% per furnace. The total saving during 1941 was $1,920 in 
producing 1,500 units. 


Lemuel J. Harris 



Upon purchase of an arc welding machine by my company, I thought it 
might be advantageous to redesign some parts of our new product, namely: 
an oil-gas furnace, so proceeded to make such changes as seemed advisable. 
The following are the steps taken and the results obtained. 

In Fig. 1, part number V101, (radiator outlet), you will observe that in 
the original set-up a casting was used. This casting, weighing 2 Impounds, was 
bolted to two sheets of 16-gauge black iron with sixteen—launch x %Tnch 
machine holts and nuts. Between the black iron sheets and the casting there 
were two—16-inch strips of lunch x %6'inch oil burner listing (asbestos) 
with iron cement to completely seal the joint against combustion gas losses. 
At the best such a joint cannot be permanent, although it will stand without 
replacement for years. This set-up was eliminated and replaced by a welded 
steel thimble VI19 as shown in Fig. 2. This thimble with its inside choke 
was welded as a unit, then welded into radiator sheets as shown. In replacing 
the casting it was necessary to increase the length of the radiator sheets by 
12-inches, which makes a total of 192-square inches 16-gauge black iron 
sheet. To this is added 218-squarc inches 16-gauge which is rolled to make 
the radiator outlet and baffle. To assemble this required 37-inches welding 
which was made with launch rod. Welding time 5 minutes 30-seconds, cost 
rod $.01. Toal cost weld and rod $.07. Sheet iron added d^-pounds @ 
.025 = $.16%. Total cost $.2325. 

Against this in the old set-up were the following costs: 1 wood pattern 
labor $58.00, material $8.50. One metal pattern labor $78.00, material $10.50. 
Molding cost labor only $.36, material grey iron, 21-pounds, $.015 per pound, 
at spout $.315, sand blast $0.15, grind $.02, drill 16 holes drill $.06. 

Total cost of casting ready to assemble, each $.77. In order to assemble this 
casting to the radiator sheets the sheets had to be drilled. Sixteen holes 
1 % 4 dnch @ $.03. 

In assembling, 32-inches of 1-inch x % 0 -inch O.B. listing is used $.045, 
sixteen—J4"inch x 3-inch round head machine bolts, nuts and washers $.08. 
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Fig. 2. Arc welded construction. 


Assembly cost $.20. Total cost material, labor $1,125. This cost has been 
arrived at without figuring the life of the patterns and their cost. The patterns 
were used only to show the initial cost involved to produce the first casting, 
which becomes unnecessary by use of arc welding. Total cost, old method 
$1,125. Change in method—$.2325—- a saving in the first steps of $1.125— 
$.2325 := $.8925. 

The second step of progress was accomplished by replacing 9 castings. In 
Fig. 1 you will notice the furnace combustion chamber and radiator are 
supported by three-—28-inch x 54-inch heavy-duty pipe legs. The bottom 
of the pipes resting on three cast iron leg sockets part V105, Fig. 3. These 
leg sockets are to prevent the pipe from cutting through the sheet iron on 
which they rest, also to prevent their spreading. Part Vlll burner support 
also cast iron, Fig. 4, three required, are stiffener brackets with a double pur¬ 
pose. Lower half of bracket support burner, Fig. 4. Leg bracket VI12 cast 
iron. Fig. 1, three required, each have a % G -inch stud cast in their bodies, 
which are inserted into the top end of the pipe. This completes the old type 
of set-up. 
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Fig. 3. Cut-away view of base section. 


This set-up requires, as shown in Fig. 5, three—28-inch lengths heavy- 
duty black pipe, cost $.28. Cutting labor $.015. 


3 leg sockets VI05 Drill 

6 holes 

Cost. 

......$.015 

3 burner support V 111 Drill 

6 holes 1 % 5 

3 holes 3 % 4 

Cost....... 

...... .025 

3 leg brackets VI 12 Drill 

6 holes 1 % 4 

3 holes 54 c 

Cost...... 

...... .02 


3 Studs, Labor and material *06 

Assembly requires six—% 6 -inch x 54-inch sheet metal screws, twelve— 
J4'inch x %-inch machine bolts and nuts and washers, value $.075. Assembly 
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Fig. 5. Parts used in construction. 

cost $.20. Labor and material $.069, to which must he added molding cost 
etc. Pattern cost for the three different castings: 


Wood patterns .>.$23.60 

Metal working patterns . 76.64 

Material cost .-. 13.00 

Molding cost: 

Leg spaces ...0075 

Leg bracket ...03 

Burner support .015 

Metal at spout: 

4% lbs. @.015 .07 

Sand blast...0025 


.1250 

Total cost labor and material $.69 and $.1250 = $.8150 

The old method as shown in Figs. 1 and 4 was replaced by VI 20 , Fig. 2 . 
This set-up required 3 channel-shaped legs as shown in Fig. 2 . In each leg, 
there are 5 holes, two punched out for the J4-inch machine bolts that fasten 
them to the combustion chamber, one in the bottom 4 /inch for a sheet 
metal screw, one at the off-set 4 -inch for the burner support mounting lug 
screw as shown on Fig. 1 . One x % 4 -inch hole at the top where the lower 
radiator ring V 102 is held in place by tie rod-—not shown but opposite one 
shown in Fig. 2 . 

This leg is blanked, punched and partly formed in blanking, piercing 
and forming die. Cost of die, labor and material $250.00. Cost of 16-gauge 
sheet metal for 3 legs @ .09 = $.27. 

There is 4% -inch weld required on 3 legs. Finish form and weld. Time 
and material $. 12 . Secondary assembly time has been eliminated as legs are 
now assembled when furnace is installed as there are no castings involved and 
is included in the installation final assembly. Six—J/ 4 -inch x %-inch machine 
bolts, nuts, and washers and three metal screws, cost $.0375. This makes 
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a total cost labor and material less die cost $.427? against $.81? under old 
methoc. 1 esults: a much bettor, more stable leg at less cost, approximately 
48 per cent saving. 

All costs in tins report are actual less overhead expense. 1?00 units were 
made m 1941 at a total saving of $1,920 over old method by using electric 
welding m construction. Die costs were only shown for comparisons, not in 
actuals * 1 attern cost overhead $269.24. Dies cost less overhead 



Chapter XXXIII— Bottle-Washer Redesigned for Welding 

By Ernest R. Becker 

Assistant Chief Engineer, 'The Liquid Carbonic Corp., Chicago, III. 



Subject Matter: Boltle-\va?h:'rg. machine-conveyor assemblies 
have been made mostly of casii:ii:> riveted to chain carriers. The 
riveted assemblies were generally distorted enough by buckling 
of the rivets to make the accumulated error too great lor good 
performance. The carrier ends’ cupholders were redesigned for 
stamping and assembly by welding. Jigs were used for the 
welded assemblies which also proved to be adequate for inspec¬ 
tion. If the part could be removed from the jig by hand, it 
was within the tolerance demanded and no further inspection 
was necessary. This redesign of the two parts saved $95.79 per 
machine and required less power to drive the machine due to 
lighter moving parts. 


Ernest R. Becker 


The project described in the following analysis covers improvements and 
economies achieved in the manufacture of bottle-washing machinery through 
the substitution of steel sections fabricated by arc welding in place of cast 
iron sections formerly used. 

The type of machine under analysis, a bottle washer, is used by the brew¬ 
ing and beverage industries for the continuous and automatic washing and 
sterilising of glass beverage bottles. 

Fundamentally, the apparatus consists of a large tank, sub-divided into 
compartments containing the cleaning, sterilising, and rinsing solutions, and 
having attached thereto the necessary automatic machinery for receiving dirty 
bottles, conveying them progressively through the various solutions, thence 
through successive stages of exterior and interior brushing and rinsing; finally 
depositing the clean and sterile bottles on a conveyor leading to automatic 
filling and crowning devices. 

The mechanism for transporting the bottles through the machine consists 
of an endless conveyor made up of adjacent transverse channel sections, each 
providing a series of openings or pockets and connected at their respective 
outer ends to endless parallel strands of heavy conveyor chain. The con¬ 
nection between channel sections, or carriers, and the chains has heretofore 
been accomplished through the medium of cast iron carrier end pieces, riveted 
to the carriers and fastened to the chain links by bolts. Buckling of the rivets 
in their holes introduced misalignment between the carrier ends and carrier 
sections of such magnitude that rejection of finished parts averaged nearly 5 
per cent. Furthermore, it was often necessary to remove completed carriers 
from finished machines at the final operating test run because of accumulated 
error on several successive carriers. 

Redesign of Carrier Ends —After several unsuccessful attempts to main¬ 
tain closer tolerances without adding unduly to the manufacturing costs, it 
was finally decided to redesign the carrier end for welding, instead of riveting 
to the channel sections. This naturally required a change of material from cast 
iron to cast steel or to a steel stamping. 
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A preliminary estimate indicated that a steel stamping, so designed as to 
eliminate all machining operations, would effect a considerable saving over 
the use of castings; consequently work was begun along this line. 

In the final design the carrier end consists of two pieces: a cup or body 
of 12-gaugc deep drawn steel and an attachment lug of 8-gauge steel, both 
punched and drawn to a suitable form and arc welded together into a unit. 

The punching, forming, and drawing operations for each part are. per- 
formed in progressive dies to tolerances closer than could be economically 
maintained in the machining of the original cast iron parts. 

The attachment lug and body are joined by arc welding, in a fixture which 
holds the parts in exact alignment, resulting in a finished piece of such 
accuracy that in the manufacture of 20,000 pieces to date, there has not been 
a single rejection. 



Fig. 1. Cast iron carrier and base front and rear views. Fig. 2. The redesigned carrier 
end base. Fig. 3. Progressive punching and forming operations. 

All necessity for separate inspection has been eliminated, since the weld¬ 
ing fixture itself constitutes an inspection gauge in that any part which , 
can be removed by hand from the fixture is necessarily well within the re- J 

quired tolerance limits. t . . , 

In the attached illustration, Fig. 1 shows the original cast iron carrier end 
piece, front and rear views; Fig. 2 shows corresponding views of the re¬ 
designed part; while Fig. 3 indicates the progressive punching and forming 
operations in the fabrication of the component parts. 

Welding the carrier ends into the carriers is performed in a specially de¬ 
signed roll-over fixture in which the end pieces are held in true relative ahgo- 
ment and maintained at an exact distance from the end pockets ot the 
carrier sections . Here again, the welding jig likewise serves as an inspection 

Because the riveting operation required with the original design introduced 
misalignment of the end pieces, which in turn was responsible for binding 
of links in the carrier chain, it was necessary to provide a special self-aligning 
connection between the end castings and the chain links. This consisted of a 
spherical counter-bore in the casting to receive a plano-convex washer; the 
combination forming a modified universal joint between the end castings 
and the chain side bars. Since the welded design was adopted, no such 
provision has been found necessary because of the inherent accuracy or the 
construction. 
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Photographs of a complete carrier with the cast iron ends, as well as one 
with the fabricated end pieces, are shown herewith, (See Figs. 4 and 5). 

Original estimates on the cost of this new design compared to the known 
cost of the standard part indicated that the expected saving due to the new 
method of manufacture would approximate 6c per piece. The actual saving 


accomplished is shown by comparison of the following figures: 

Cost Data—Cast Iron Carrier End Piece 

Material— V-/ 2 lbs. C. L @ 7c .-.-.-.10.50c 

Drilling all Holes 2.40 minutes 

Spherical counterbore .66 minutes 

Inspection -25 minutes 

3.31 minutes (@ $1.54 per hr.) - 8.50c 

Cost per piece .-.-.-...19.00c 

Riveting to carrier channel—2.2 min. (@ $1.60 per hr.) -— 5.90c 

Final Cost—Assembled—per piece .-24.90c 

Cost Data—Steel Welded Carrier End 
Material (including scrap) 1 lb. Annealed Steel Sheet @ 2.28c. 2.28c 


Body 

(Shear strips .05 minutes 

(Blank, Draw, Punch .31 minutes 

Lug 

(Shear strips .04 minutes 

(Blank, Draw, Punch .60 minutes 


1.00 minutes (@ $1.64 per hr.) _ 2.73c 

Weld (on Special Fixture—1.00 minutes 

(@ $2.07 per hr.) ._. 3.45c 

Welding Rod ....------ ..20c 

Cost per piece 8.66c 

Weld End Piece to Carrier Section 1.4 minutes 

@ $2.07 per hr.) .............. 4.83c 

Welding Rod ...... ,40c 

Final Cost—Assembled—per piece ...13.89c 


Cost Difference (24.90cT3.S9c) in favor of Welded Construction.. 11.01c 
This difference of 11.01c each represents a saving of 45 per cent in favor 
of welded construction. 

Note: All hourly rates based on direct labor plus overhead. 

Since a bottle washer of average sise has approximately 300 carriers, 
representing 600 end pieces, the saving accomplished through the design 
change on this particular piece averages $65.64 per machine. 

As stated in the preliminary description of a bottle washer, the carriers 
are moved progressively through the machine. This motion is accomplished 
by an intermittent pusher mechanism, operating at approximately ten strokes 
per minute. The lighter construction of the welded carrier ends effects a 
sa ving of lV 2 'P oun ds P er carrier, or a total of 45 expounds in the complete 
bottle conveyor, which in turn results in a very considerable reduction of the 
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Fig. 4. Complete carrier with cast iron heads. Fig. 5. Fabricated carrier. 

power required to drive the machine. Equally important is the reduction in 
wear of the various moving parts of the. drive mechanism and of the conveyor 
chain itself. 

Redesign of Cuf> Holder —Further investigation of other members of the 
machine led to an analysis of the lower cup holder design. This lower cup 
holder is a heavy casting (37^-pounds) of I-Beam cross-section carrying a 
double row of spring-supported centering cups; the whole assembly mounted 
between guides and being reciprocated vertically through the medium of cam- 
actuated lifting arms. Fig. 6 shows one of these castings with several of the 
centering cups in place. 

The revised design, illustrated in Fig. 7, consists of upper and lower 
channel plates arc welded to a center web member to form an I-Beam section. 
Stress calculations indicated that 8-gauge steel plate for the upper channel 
and for the vertical web members, and 10-gauge plate for the lower member 
would provide a section of ample strength. 

Because of the fact that the assembly requires a degree of accuracy higher 
than is usually maintained in structural fabrication, the problem of warping 
during the welding operation received special attention. On the first trial 
assembly, the web member was joined to the upper and lower channels by 
interrupted fillet welds. 

The resulting finished part, although acceptable, showed a definite tendency 
towards warping, and it was evident that this condition could be expected to 
become more serious in regular production. A second experiment section was 
fabricated in which the fillet welds were omitted and the parts joined by 
“plug” welds. To this end, elongated holes, 34-inch wide x ly^dnch long 
spaced 4-inch center-to-eenter, were punched along the longitudinal center 
lines of the upper and lower sections, and the center, or web member, was in¬ 
creased from 8-gauge plate to j/^-inch in thickness. The material of this 
seetion was also changed from hot rolled plate to a cold rolled steel bar for 
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the sake of increased accuracy, and in order to provide a sufficient foundation 
for the “'plug'” welds. 

After tacking the parts in place, the welds were made, first filling in two 
slots in the upper member, then welding two corresponding slots in the 
lower member, alternating between the top and bottom members until all 
welds were completed. In this way, heat distribution throughout the three 
sections was equalised and severe shrinkage stresses avoided. The finished 
section fulfilled all expectations. 



Fig 1 . 6. Casting and Fig. 7 welded design with centering cups in place. 


In the original cast iron version, the upper openings for the sliding cups 
were fitted with bronzje bushings pressed into place, whereas in the lower 
flange no bushings were required; the casting being designed to provide 
sufficient depth for proper welding surface. In the new design, lacking 
sufficient thickness of metal to assure a satisfactory press fit, the upper 
bushings are provided with two drilled ears for hold-down screws and special 
shouldered and threaded bushings, clamped in place by a retaining nut are 
used in the lower flange. 

A multiple punch assembly for the upper section punches two opposite 
cup openings, four holes for bushing retainer screws, and one slot for welding 
at each press stroke; the press being provided with a spacing bar for accurate 
longitudinal positioning. The same die set, through interchangeable punches, 
is used for perforating the lower section. 

It will be noted that the sliding lugs, or cross-heads, at each end of the cup 
i°i .j ^ re s i e P arate pieces bolted in place, whereas it might seem that they 
should have been incorporated as a unit part of the design. Available machine 
shop facilities were the determining factor in this case, since the separate 
construction permitted the use of a standard milling machine for finishing, 
thus releasing a large machine of greater earning capacity for other urgent 
operations. 

The welding fixture was designed to hold the component parts in accurate 
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alignment during welding, while incorporating easy and rapid positioning on 
“rolhover" 1 , to allow of alternate top and bottom welding, as noted previously. 

There follows a comparison of actual manufacturing costs of the two units. 

In tabulating these costs, the bronze bushings in the upper flanges of both 
the original cup holder and the improved design have been deliberately omitted 
from the calculations. It so happens that the cost of fabricating and assembling 
the original bushings is almost exactly the same as the corresponding costs on 
the new style; consequently, omitting both from the figures permits a more 
direct comparison between the cost of the two units. 


Cost Data—Cast Iron Cup Holder 


Material- 375 lbs. G.I. @ $.088. 





$33.00 

Plane Top .... 

. 1.9 hrs. 


$1.90 

hr. 

3.61 

Mill Bosses . 



$1.80 

hr. 

3.96 

Mill Cross-heads . .. 

. 4.6 hrs. 

( 2 ) 

$1.80 

hr. 

8.28 

Mill Side Pads . 


@ 

$1.80 

hr. 

3.06 

Drill, Ream, Tap ... 

Total. 

. 8.5 hrs. 


$1.90 

hr. 

16.15 

$68.06 


Cost Data—Fabricated Steel Cup Holder 


Top Plate 

Material—55 lbs. (a) 2*4c 


$ 1.24 

121 %;-" 

Shear Stock —10 min. 

((d) $1.64 per hr.) 

.27 

X 8 ga.~ ~ 

Bend Flanges—20 min. 

((© $1.56 per hr.) 

.52 

T-2Vz" lR. 

Punch all Holes—50 min. 

((§) $1.64 per hr.) 

1.37 

Bottom Plate 

Material—46 lbs. (a) 2J4c 


1.04 

132%o" 

Shear Stock —10 min. 

((d) $1.64 per hr.) 

.27 

X 10 ga.— 

Bend Flanges —20 min. 

((d) $1.56 per hr.) 

.52 

T-V/i" lg. 

Punch all Holes—15 min. 

(@ $1.64 per hr.) 

.41 

Web Plate 

Material--24 lbs. (g) 6 I/ 4 C 


1.50 

4 x !4" 

Out to length-—5 min. 

((5) $1.64 per hr.) 

.14 

C.R.S.-- 




6'-n!4" Ik- 




Side Straps 

Material— \Q¥i lbs. @ 6 c 


.65 

16 pieces 

Shear-—2.5 min. 

((a) $1.64 per hr.) 

.07 

1 x 14" 

Punch-- 4.0 min. 

((5) $1.64 per hr.) 

.11 

C.R.S. Bar 

Set up and weld— ~l/z hrs. 

(@ $2.07 per hr.) 

3..11 

5" long. 




End Castings 

Material-*• 42 lbs, G.I. (g> 9.3c 


3.92 

(2 pieces— 

Layout .8 hrs. 

((a) $1.72 per hr.) 

1.38 

complete) 

Mill Ends 1.1 hrs. 

(@> $1.80 per hr.) 

1.98 


Mill Top and Bottom .9 hrs. 

((5) $1.80 per hr.) 

1.62 


Drill and Ream -.9 hrs. 

(@ $1.80 per hr.) 

1.62 

Lower Flange 




Bushings 

Purchased Item (a) .47 each 


18.80 

40 pcs. complete 




with nuts. 




Assembly 

2 End Castings - .4 hrs. 

((d) $1.48 per hr.) 

.59 

Assembly 

40 Lower Flange Bushings— 




.9 hrs. 

((d) $1.48 per hr.) 

1.33 

Total.......... 



.. $42.46 


NET SAVING—$25.60 or W/ 2 %. 


Redesign of this part, in addition to the cost reduction pointed out in 
the tabulation, accomplished a saving in weight of 173qx>unds, or 46 per cent. 
In the operation of the complete machine, this assembly reciprocates at 
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the rate of ten cycles per minute, through a travel of 6-inches, actuated by a 
lifting arm which is counterweighted. Elimination of excess weight permitted 
a reduction of approximately 130-pounds in the cast iron counterweight, 
which at 3 J/ 2 C per pound amounts to a further saving of $4.55. Because of 
reduced weight, there will likewise be a slight reduction in power required 
for operation, due to diminished inertia of moving parts; bearing life should 
be substantially increased, and general operation of the machine definitely 
improved. 

Although no radical changes of shape or outline have been introduced, 
the smoothly rounded edges and straight lines of the redesigned units present 
a more pleasing picture to the eye, and have definitely improved the appear* 
ance of the whole assembly. 

Summation 

I, Proportionate Cost Saving —The change from a cast iron carrier end, 
riveted into position , to a steel part fabricated by arc welding, and arc welded 
into place, accomplished a saving of 45 per cent in final cost of this piece. 

Redesigning a cup holder from cast iron to fabricated steel, assembled by 
arc welding, saved 37J/2 per cent of original cost of manufacture. 

II, Estimated Total Annual Gross Savings —(a). Production of bottle 
k washing machines incorporating the members discussed on the preceding pages, 

in the plant of the Liquid Carbonic Corporation totaled 110 units, during 
the year 1941. On the basis of $65.64 per machine saved in carriers; $2 5.60 
on the cup holder, and $4.55 through elimination of counterweighting, the 
total per machine represents $95.79, or an overall saving of $10,536.90 per 
year; (b), The estimated total production of bottle washing machines of a 
type similar to the foregoing is 300 units per year. On this basis the substitu- 
tion of arc welding for other methods of construction in the manufacture of 
components as discussed herein would accomplish a gross saving of approxi- 
mately $28,500. 

III, Increased Service Life and Efficiency —The saving in power costs 
realised by reducing the weight of moving parts has been pointed out pre¬ 
viously. This of course results in increased efficiency as related to cost of 
operation. Maintenance costs will be reduced through longer life of bearings, 
cams, gears, and other parts forming part of the drive mechanism. Reduction 
of breakage of cast iron sections will reduce shut-down time during operation, 
which to the bottler is the one most important factor of all. 



Chapter XXXIV—Arc Welding of Automatic Can-Testing 

Machine 


By H. B. Peterson 

American Can Company, San Francisco, Calif . 

Subject Matter: Welding is a logical method for machines 
needed in limited quantities. Only one testing device was needed 
to check “ham" cans for leaks. Pattern alone for the machine 
with cast iron parts would have cost $1,550. Welded construe* 
turn saved this pattern cost and reduced the weight over cast 
iron by 1,800'pounds. Previous machines built for testing other 
runs had used cast aluminum testing pockets. These often leaked 
nd required special pecning to stop the leaks. In addition, 
xpensive machining was necessary to make the pockets fit the 
uns. Welded testing pockets for the cans did not leak and they 
mild be preformed to fit the can. The welds were ground 
month and no machining was necessary. 

H. B. Peterson 

The problem of designing and constructing that “problem child"" known 
as the “one off"' machine is one that confronts many designers. The high 
cost of patterns alone makes the overall cost of the machine prohibitive, 
especially when it is definitely known that only one unit will ever be com 
structed and pattern costs must be charged against the machine. Therefore, 
the logical conclusion lor the economical construction of such a unit lies 
in the adoption of as much welded construction as is practical. 

The machine under consideration is a can testing machine, capable of 
detecting leaks as fine as .002 inches in diameter in an odd shaped can 
of considerable size. The. can is known as the “whole ham can 1 " and is 
approximately 7 1 /yinches x l()34dnchcs across the major and minor axis, by 
Synches high. Whole hams are packed into these cans, sealed and cooked. 
The nature of the product and its rather high cost make it imperative that the 
can must be practically perfect or spoilage will set in with its resulting losses. 

The large size of the can and its extremely irregular shape presented 
varied problems of machining and construction. Basically, the machine 
consists of 12 pockets slideably mounted on tie rods between an upper 
and a lower turret. Rods absorb tension loads incurred in closing the 
pockets as well as providing guides for the pockets to slide on. The pockets 
are raised around the can by means of crank arms, which are cam actuated. 
On surrounding the can, the pocket forms a closed chamber around its 
periphery, this being known as the testing chamber. Subsequent admission 
of air to the can provides the testing medium and any leaking can is detected 
and rejected. The whole process of testing calls for rigid members and air- 
tight pockets, especially where it is desirable to detect a .002 hole. 

The basic members of the machine, that is base, upper turret, lower turret, 
feed and discharge tables, also feed base, were carefully scrutinized for their 
design either as cast or as welded construction* The turrets and base are 
large conical shaped members requiring built up patterns. The estimated 
cost of these three patterns alone was $1230. The very cost of these pat¬ 
terns immediately turned the design over to welded construction. With the 
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valuable aid of the local welding engineers, the turrets and base were 
designed in accordance with drawings, Figs. 1, 2 and 3. 

The base. Fig. 1, consisted of a %-inch x 15-inch plate rolled into a 
ring 6854-inches inside diameter and butt welded. Slipped into the ring 
is a 54'inch plate formed and butt welded into a cone and subsequently 
welded to the ring with %.Q'inch fillet welds. The center is a 6 1 / 2 -inch 
outside diameter x 4 1 / 4-inch inside diameter seamless steel tube welded 
to cone and stiffened by 6]/. 4-inch ribs welded to the center and outside 
ring and intermittent welded to the supporting cone. The necessary connec¬ 
tion pads were formed as separate units and welded to the frame as a whole. 
A reduction in weight from the cast iron design to the welded design 
amounted to 38 percent. 


An additional advantage lies in the fact that the outer ring being used 
as part of the cam mechanism, is steel, and eliminates breakage which some¬ 
times occurs when a can jams. 

The lower turret is shown on drawing. Fig. 2, and upper turret shown 
on drawing. Fig. 3. The lower turret consists of a flame-cut plate to which 
the drive gear is attached; to this is welded a 54'inch x 7-inch ring, together 
forming a section. The plate is in turn welded to a ]/4-inch plate cone 
reaching to the center boss. Twelve 54'inch x 8-inch plates form the 
necessary stiffening ribs. Bosses for the tie rods are welded on as well 
as the bosses for the pocket raising lever. The weight of the welded con¬ 
struction is 1350-pounds as compared with an estimated 1980-pounds cast 
construction or a 30 percent reduction. The freedom from breakage in this 
member is of great importance; therefore the steel construction is vastly 
superior to the cast construction. 

The upper turret is essentially the same design that is flame-cut plate 
welded to the center cone and with stiffening ribs welded to the cone. Bosses 
for the tie rods are welded to the flame-cut plate as in the lower turret. The 
center cone has 12 flame-cut holes to allow passage of air lines to the testing 
mechanism. The welded upper turret is 875-pounds as compared to the 
estimated cast weight of 1280-pounds or a 32 per cent reduction. 

The various tables for can feeding and can discharging as well as their 
base are constructed of Vi-inch steel plate and ribbed4p with % 0 -inch x 
4-inch straps. Machined surfaces remove any warpage and provide good 
seating for the various mechanisms attached to them. 

All of the structural members were not welded. An exception was in 
the _ use of a cast overhead spider, as this member contained the delicate 
testing devices and valves. However, the supports for the spider were 
constructed of 6-inch channels with welded flanges at either end and this 
formed the attachment to the base and spider. One of the channels con¬ 
veniently became an air reservoir when a J4'inch x 5-inch slab was welded 
to the webs and for its whole length. On cast construction, it is necessary 
to provide this reservoir as a separate unit requiring support and additional 
piping Cast legs were adopted for supporting the can feed tabic as it is 
required to house electrical equipment and controls in accordance with the 
company standards. 


tn f>h-m^ P ^ Cial lnt .? rest *s novelty, is the use of, welded, construction 
to eliminate a costly and difficult machining operation. This is employed in 

wW nStIU w°n ° f u he testmg P ockets which surround the can. The test 
locket must follow the contour of the can with only .010-inch to 015-inch 

»SSS S °''S„ tt ' 0f Normally necessarily calbfor 

tuning. On previous machines, pockets were made of aluminum for 
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easier machining and shaped out to can size. This is relatively a simple job 
when the can is a rectangular or a round shape. But in the unit under 
discussion the can shape is irregular, and the shaping operation would be 
costly and would have to be followed by hand finishing. After considerable 
study, a welded design was decided on. 

The welded pocket consists of a cold rolled steel strip ch thick by 
6-inches wide by 27-inches developed length, and of dead soft temper. It 
is welded to a top and bottom flange and to a V" slide member. The 
finished pocket is shown on drawings, Figs. 4 and 5 as well as welding as¬ 
sembly Fig. 6. The flanges are flame-cut to size with a light cut taken 
on the inside on our special cam mills which amounts to only .4 hour per 
flange. The !4-inch thick body is corrugated at two points prior to forming 
to the “ham” shape. The pocket is really formed on the welding fixture. 



The pocket welding fixture consists of a steel plate to which is fastened 
a cast iron form which is the exact size of the inside of the pocket. To the 
form is fastened a “V” block, on which the “V” slide member of the 
pocket is placed prior to welding. Two pilot pins align the flanges correctly 
to the cast iron form. In manufacturing, the lower flange is first placed on 
the fixture, and the “V” slide member next placed on the form. The J/$-inch 
x 6-inch body is now ready to be placed in form. The body has been 
processed to the extent of having two corrugations pressed in the sides 
for clearance of the pull down fingers. One end of the body is first welded 
by tacking to the outside of the “V” slide member and then wrapped 
around the form. The dead soft temper of the body permits the forming 
operation to be easily done. The free end of the body is inserted into the 
“V” slide and then pressed down into the lower body flange. The end is 
tack welded to the “V” and the upper flange slipped into place. Tack 
welds tie all units together. The body is then removed from the form 
and completely welded outside and inside. Following welding, the inner 
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welds are smoothed up by grinding. The flanges are surface ground and 
tested for leaks with 30-pounds air pressure in a water bath. This form 
method of construction was subsequently used for other odd shaped 
machine guards with the exception that hardwood forms were used. 

The welded pocket possesses many features not to be found in the cast 
aluminum design. The weight is approximately 10 percent heavier than 
the aluminum design but as the movement is reasonably slow, inertia loads 
are negligible. Experience with the aluminum pockets on other machines 
showed it to be almost impossible to obtain sound castings. As these machines 
require a tight pocket for maximum testing efficiency, any porosity is 
detrimental to efficient operation. It is often necessary to peen the pockets 
to close “weepers”. This entails endless testing of the pocket and actually 
increases the overall cost of assembly of the machine. In the welded design 
of pocket rolled steel being used in its construction, the only possible leaks 
are in the welded joints which show up immediately on the water test and 
leakers are easily corrected. 



Rigid company rules prevent the dissemination of any machine cost 
data. Therefore, only a few points of saving can be given. First, is a 
reduction in pattern cost amounting to a total of $1550. The machine 
weight was reduced 1800'pounds with a corresponding reduction in cost 
amounting to the differential in price of cast iron against rolled steel. The 
welded steel members in spite of their reduced weight resist failure or 
breakage due to can. jams. It can be stated at this point that can machine 
design presents a peculiar problem. Normally, the parts used to move a 
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can weighing at most 1 pound, should be of light construction and this 
would be satisfactory if no jams would ever occur. When a jam does 
happen, due to some cause of obscure nature, the can handling parts must 
have the strength to resist the baling action of squashing a can. For this 
reason, steel members are preferred. The welded pockets on this machine 
saved over 100-hours machining time, to say nothing of the annoyances 
and time loss due to porous pockets as on the cast construction. 

There is no doubt as to the value arc welding has given to our industry. 
It makes possible the construction of highly specialised machines at a cost 
low enough to permit early amortisation. 




Chapter XXXV— Redesign of Rayon Processing Machine 

Bv Richard W. Stanley, 

hngineer, American Viscose Carp., Marcus Hoo\, Pa. 

Subject Matter: The processing of rayon yarn produced by the 
box spinning" system requires a series of washing treatments. 
These treatments are mostly carried on in highly corrosive sole- 
tions which even stainless steel cannot resist. The original design 
used carriers assembled from castings which were suspended from 
a monorail conveyor system. Arc welded construction permitted 
a more compact design which moved the carriers through the 
process without the clumsy overhead conveyor system. The 
original design was unsatisfactory in operation and yet it cost 
34% more than the better arc welded machine. The main sav* 
ijig, however, is the difference in maintenance cost. Each of the 
four new machines had about $22,512 less maintenance per year 
than the original design. In other words, arc welded design 
reduced maintenance cost from 10% to about 1% of the original 
machine cost. 

In the process industries, the widespread adaptability of arc welding to the 
construction of tanks, pressure vessels and piping has established this 
method as an indispensable instrument of construction and progress. It 
follows quite naturally therefore, that the design of more specialized process 
equipment should be greatly enhanced from the start when, the possibilities 
of welded construction are realized and taken advantage of. In this instance 
particularly, the opportunities offered in welded construction proved so 
numerous and clearly obvious that it would today be found both difficult 
and costly to design equivalent apparatus without the use of welding methods. 

The subject to be described, a highly specialized processing machine for 
viscose rayon yarn, was designed as a direct result of the difficulties encoun- 
tered in the performance of a full-scale pilot machine, the primary purpose 
of which was to serve not only as a production unit but as a final check as 
a design basis for the construction of four additional machines. This initial 
machine was placed in service in 1939 and, after 90 days of operation, 
the combined judgment of a group of engineers determined that a complete 
redesign would he necessary before attempting the construction of addi¬ 
tional machines. At first glance, this drastic decision would appear as an 
indictment of the machine's designers for their apparent failure to anticipate 
the requirements with due thoroughness. Mildly so, this was true but when 
comparing the redesigned machine with the original, the conspicuous 
difference at once occurs as lying in the general approach to the whole 
problem. 

In the case of the original design, almost anything excepting a straight 
length of angle iron or a plain piece of cold rolled shafting was designed as 
a casting simply because castings had always been used before, even way 
back in grandfather's time. This same attitude was reflected in other forms 
as well Because a major portion of the machine took the form of mobile 
units, this major portion ended up by being hung from a monorail carried 
by a special superstructure. The monorail conveyor salesman won out in 
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this case. A manufacturer of silent chain recommended and sold 500 
beautifully machined sprockets and 600-feet of double-back silent chain 
for driving 400 spindles of the machine at the speed of 10 revolutions per 
minute. These points are mentioned here to stress the one significant fact 
which dominates the efforts of still too many designers and engineers, that 
reluctance or sheer neglect to accept and make fullest use of the boundless 
opportunities to be found in welded construction. The very acceptance of 
these newer opportunities so widens the scope of the design possibilities 
that its effect automatically minimises the other persuasive influences, for a 
free and open mind is an independent mind as well. Fortunately, the fast- 
moving pace of today’s industry is establishing these facts solidly and those 
diminishing exponents of yesterday’s methods will soon be extinct. 

When the scope of this particular project is realized, each machine 
and its directly associated accessories representing a cost of more than 
$200,000, it is emphatically clear that nothing short of most modern design 
treatment and construction principles can insure the benefits to which such 
treatment entitles us. The truth of this statement is brought out in a com¬ 
parison of both cost and performance records of the original machine with 
those of the completely redesigned machines, three of which have com¬ 
pleted 1 year of continuous (160-hours per week) operation. 

Purpose of Machine—To more readily understand the construction and 
operation of the machine to be described, a brief explanation of its functions 
and purpose is appropriate here. In the manufacture of continuous-filament 
viscose rayon yarn, three systems of spinning are in commercial use: the 
first, the box-spinning method; second, the bobbin-spinning method and, 
third, the continuous processing method. Predominating among these is 
the first, or box-spinning method under which system three-fourths of the 
) world’s production of this type of yarn is manufactured. Our subject con¬ 
cerns this method of yarn production. 

The term “box-spinning” derives from the rotating cylindrical box ox- 
can in which the yarn is collected at the spinning machine, just following its 
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Fig. 2. Another view of the major welded structures. 


chemical transition from a fluid state, through a sulphuric acid coagulating 
bath, to that of a continuous liber. The yarn package thus formed is com¬ 
monly termed a “cake” and its dimensions roughly, are 7-inches outside 
diameter, 4 I / 4'inches inside diameter and 6-inches in length. Such a package 
of average denier yarn contains approximately 36,000 yards. When leaving 
the spinning box the eake is thoroughly saturated with sulphuric acid which, 
after completing its action of ""setting up’ 1 the freshly spun yarn, must be 
completely removed by a series of washing treatments. These treatments 
are progressively applied and consist in general of a further acid application, 
a desulphurizing wash, bleaching wash, several rinses and finally, a soft 
finis lung lnju-d treatment. It is for these treatments that our subject pro¬ 
vides and, while this machine has thus far been broadly termed a processing 
machine, it is more precisely known as a ""cake washing” machine. The 
development of direct cake processing is one of recent years. In the 30 years 
of rayon manufacture in the United States, this development represents the 
most far-reaching production improvement yet made. Comparison of this 
newer method with those in former use is an interesting story in itself but 
further explanation here is unnecessary. 

Machine Construction and Operation In the ensuing description and 
discussion of the subject development, reference is made to the accompany¬ 
ing photographic illustrations. Figs. 1 to 4 inclusive are construction 
photos showing the major welded structures. Figs. 5 to 9 inclusive show 
the finished machine in operating form. Figs. 10, 11 and 12 show the 
machine as originally designed and are included for the sake of comparison. 

This description, in the main, will treat the redesigned subject almost 
entirely with only occasional brief reference to its predecessor for making 
comparisons. The general machine dimensions are 250-feet length, 16-feet 
in width and three stories in height (including foundation pit). Approxi¬ 
mate working floor space, including -wood platforms is 5,000-square feet 
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(20' x 250'feet) as compared with the superseded design which, because 
of its single story design, requires a working floor space of 12,OOOsquare 
feet. The backbone of the machine consists of 12 box'section base in em¬ 
bers each 20'feet in length and bolted together, end to end, to form 
one continuous machine base, 240'feet long overall. This composite base 
structure runs directly down the middle of the machine area at the approxi¬ 
mate level of the working floor and is supported on adjustable jack screw 
mountings carried by suitable I-beams which are spaced at 20'foot intervals 
along the foundation pit. Fig. 8. Throughout the full length of this base 
structure and along its top surface is mounted a pair of steel rails for the 
support of a series of carriage units. These carriages, each 5 feet long, 
consist mainly of a box'section housing member, which is mounted on 
suitable roller-bearing wheels. Each carriage mounts a group of 9 rotatable 
spindles which extend from both sides of the unit. Attached to the spindle 
extensions are further extending members in the form of tubular arms 
which are made of stainless steel. These arms are of a modified circular 
cross'section and, in their normal positions, present a flat portion as their 
uppermost surface. This flat portion is suitably perforated to permit passage 
of the various treating solutions to the inside of the yarn cakes. In Fig. 9, 
the actual cakes are shown. It will be observed that these wash arms are 
provided with a flange or disc members, welded to the arm near its inner 
end, while at the outer end, a removable flange member made of rubber, 
cooperates to close both ends of the “tube” formed by the group of yarn 
cakes and permits thereby the forced egress of the solutions through the 
cakes themselves. 

A stainless steel distributing tank of welded design supplies each wash 
arm, through suitable connections, with the treating solutions. Such a tank 



Fig. 3. Close-up. 










Fig. 4. Parts prior to erection. 


is mounted on the top surface of each carriage unit. Since the carriages are 
moved along their tracks at regular intervals of 3]/ 4 -minutes for the progress 
sive treatment of the yarn through the various solutions, a flexible connection 
is required at each processing station. This is accomplished by means of an 
inflatable rubber ring gasket formed like a doughnut and operated by 
compressed air. 

At this point in the description, it is important to mention two of the 
major reasons for the redesigned machine here described. To begin with, 
the solutions used in the process are highly corrosive in their effect on prac" 
tieally all metals. Stainless steel itself cannot resist the corrosive atmosphere 
and only by virtue of the final neutralising wash which the yarn receives, 



Fig. 5. Close-up ©( machine In operating form. 
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is its use permitted in the applications described. To combat this condition, 
all metal parts are coated with the best chemically resistant paints obtainable 
and in the case of the steel drip troughs which run along either side of the 
main base section these are treated with no less than six coats of a special 
synthetic resin finish which is baked on in electrically heated ovens. This 
process is naturally expensive and is restricted to those parts where nothing 
else will serve the purpose. 

In the original machine, wherein the yarn carrying units were suspended 
from an overhead monorail and steel supporting structure, the solution catch 
basins were formed as permanent concrete vats resting directly on the floor. 
Many of these were lined with special acid-resisting tile and cement which 
gave reasonably good results. These vats, furthermore, extended across 
the full width of the machine. Therefore, not only the solutions directly 
below the wash rods were exposed to falling debris arising from corrosion 
and vibration of the overhead monorail structure and piping, but to that 
coming from the carriage units themselves. A vapor-exhaust system of 
canvas was used but an efficient design was made impossible because of the 
complex overhead structure. As a result, the installation of elaborate 
filters at once became necessary to prevent the carrying of foreign particles 
to the yam which in itself is a very effective filtering means. These filters 
require careful and constant maintenance. No filters are required in the 
revised design. Therefore, in the construction of additional machines, all 
possible elimination of overhead mechanism was considered most important 
along with the provision of an adequate exhaust system of a simple and 
efficient design. This was attained in the first place by abandoning the 
monorail principle through supporting the carriage from below; dividing 
the catch basins and installing all piping underneath, and, providing a non- 
metallic exhaust hood (resin-bonded plywood with resin varnish treated 
surfaces) above the machine for substantially its entire length. 

The second major weakness of the original design lay" in the use of 



Fig. 6. Another operating view. 
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Fig. 7. Partial view along one side. 


individual electric motor drives on each carriage unit for the purpose of 
rotating the wash arms. It should be explained here that for fullest 
effectiveness in processing the product, it is required to gently rotate the 
wash arms one revolution about once every 5 minutes. In other words, at 
30 of the 48 processing stations throughout the machine's length, the wash 
arms are given a single rotation. At 15 stations, this rotation is clock' 
wise in direction; at the other 15, counter-clockwise. In this instance the 
designer succumbed to the influence of the electric motor salesman who 
recommended a motor-driven gear reduction unit, complete with an enclosed 
magnetic brake. Unfortunately this design required a trolley wire system 
of exposed conductors carried by the monorail, which construction, because 
of its unavoidable exposure to corrosive vapors, requires constant mainte¬ 
nance. Switch parts too, because of their operation every 
require frequent attention. This illustrates the second major requirement, 
that of a positive and efficient method of arm rotation. There was an 
interesting solution of this problem. 

Each wash arm supporting spindle carried by the car unit is mounted 
in ball bearings and provided with a drive gear. These gears form a con¬ 
tinuous train, spindle to spindle, and receive their motion through a pair 
of miter gears and a short vertical shaft entering through the carriage 
bottom. This vertical shaft is in turn driven from a second vertical shaft 
mounted in the base section and is coupled thereto by a specially designed 
“two-jaw and square block" type of coupling which permits automatic 
engagement and disengagement when the carriage moves along the machine 
base. The second vertical shaft in the base section is further provided with 
a gear which is adapted for suitable rotation by engagement with rack 
teeth which are machined in a tubular sleeve member. By means of a 
hydraulic cylinder, the tubular rack member is moved endwise for a distance 
equivalent to the circumference of its mating gear and the single revolution 
of the wash arms is thus effected in a simple and positive manner. An 
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additional mechanism is provided to shift the tubular rack member out of 
engagement with its mating gear, locking the latter against rotation while 
the former returns to its starting position. 

Other mechanisms included in the base sections are the carriage advance 
motion for the simultaneous movement of all carriages in the train from 
station to station, and a plunger operating mechanism for locking each 
individual carriage in position when at rest. This latter device insures 
positive registry of the carriage units with the vertical shaft couplings and 
the solution delivering connections. The carriage advance mechanism com' 
prises in general a series of vertically movable hollow plungers mounted in 
the base sections and adapted at their uppermost ends to carry a pair of 
rails formed by standard 6dnch channels, (See Fig. 1). This pair of 
rails runs the full length of the 240foot base section, as shown. Along these 
rails at intervals of 5 feet arc welded steel castings of U-formation. When 
the vertical plungers are moved upward by means of the swinging action of a 
secondary pair of channehshaped rails contained within the base sections, 
these ITmembers engage a suitable cross bar carried on the underside of 
each respective carriage unit. Thus, when the uppermost pair of rails is 
moved longitudinally through its connection with a hydraulic operating 
plunger, the entire train of carriages, 49 in all, is moved a distance of 5- 
feet. Then, as the rails recede downward, the carriage locking plungers 
mentioned earlier simultaneously engage the respective carriages and at 
the same instant, the pneumatically operated “doughnut” seals arc inflated 



Fig. 8. View from foundation pit. 
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and the processing continues. This carriage advance motion, as well as all 
other phases in the cycle, repeats at S^-minute intervals and after 48 such 
cycles, or a total of 2-hours 48-minutes, the first carriage load of raw yarn 
is discharged at the outfccd end, ready for the subsequent drying process. 

To complete the description, it should be explained that at each end 
of the machine a hydraulic elevator, designed as a part of the machine, is 
positioned. Thus, after a carriage is unloaded at station 48, (See Fig. 9), it 
is transferred by means of the traverse rails just described, to the elevator 
directly in line with the unloading station 48. Directly following this transfer 
the elevator rises for a distance of 8-feet. At this point the carriage 
thereon automatically engages a strand of heavy roller chain which is con¬ 
fined within a welded steel supporting track running the full length of the 
machine. This chain is then set into motion through a hydraulic motor 
drive and the carriage is thus propelled to the infeed or loading end of the 
machine where it is received by a similar elevator, lowered to the operating 
level and again automatically transferred from this elevator to station No. 1 
where it is loaded with raw yarn for another trip through the process. 
Support of the overhead carriage return rails is ideally provided for in the 
structural steel framework required normally for suspending the plywood 
exhaUvSt duct described earlier. An excellent view of a returning carriage 
is shown in Fig. while in Fig. 6, a carriage just lowered from the return 
track stands ready upon the elevator platform, for transfer to the loading 
station No. 1. 

Before discussing the major welded subjects of the machine, namely the 
base sections and carriage units, attention is directed to the illustrations 
Figs. 1, 2, 3 and 4 which show these particular parts during the course 
of the machine erection. Fig. 7 shows a partial view along one side of the 
machine and displays in particular the welded steel instrument supporting 
columns opposite their respective processing stations as the numerals thereon 
indicate. Various pressure gauges, pump controls, indicating thermom¬ 
eters, etc. are attached to the inner faces of these columns. Fig. 8 is a view 
taken from the foundation pit below the machine in which the numerous 
pumps, supplementary tanks and valves are located. For several processing 
solutions, rubber-lined pipes and valves are used. Others require stainless 
steel and in these cases, many of the fittings, as the flanged tee shown in the 
foreground, were fabricated of light-welded tubing. All of the high-pressure 
hydraulic system tubing in V 2 'inch, 1-inch and ljx^-inch diameter are of the 
hutt-welded type. Each machine uses over 4,000-feet of hydraulic tubing. 
Operating pressures range to 1,000-pounds per square inch. The entire 
machine cycle, incidentally, comprising thirteen separate but consecutive 
phases, is entirely automatic and all motions are hydraulically operated, 
receiving pressure from a single pump unit. 

Welded Design Features—Of the various parts of this machine designed 
for welded construction, the base sections and carriage frames are the most 
interesting. Particularly so is the base section. It will be remembered that 
one of the principal objectives in the new design was a maximum degree 
of protection of the machine parts, particularly those surfaces subject to wear 
and hence, incapable of surface protection as by painting. Total enclosure 
of such parts plus adequate lubrication provision is one safe method to 
follow. The first approach toward this end began with the provision of 
baffle plates attached to either side of each carriage unit. By this means, 
occasional splashes of processing solutions coming from the wash arms ot 
catch basins would, at their worst, strike the baffle plate and then drip off 




Fig. 9. Unloading station. 

its lower edge to the basement below where no particular harm would ensue. 
Thus, the carriage housing itself is protected as well as the base mechanism. 

It was, furthermore, desired that the mechanical design should permit 
an occasional application of water from a hose directed against the baffle 
plates. This explains the careful provision of oil seals and other baffle 
features. For the various mechanisms involved no construction could afford 
better protection than a box design. This is precisely the form which the 
base sections, as well as the carriage housings, take. An individual base 
section is a box section having machined dimensions of SOrinehes x 
inches x 20-feet long. In proportion to its somewhat unusual length as a 
machined part and the numerous purposes it serves, the cost of fabricating 
this member was surprisingly low. While being a four-sided box it was 
fabricated of only two plate members, excluding of course, the “picture* 
frame” end flanges and two center ribs. These two plate members, y^-inch 
thick as rolled, were bent to form U-shaped channels 32*4"inches between 
the legs and approximately l^/^dnches deep. The edges were then pre¬ 
pared for an abutting V-shaped weld and the two channels then welded 
together to form the box section. The weld thus made occurred along the 
horizontal neutral axis of the section and, since large portions of the vertical 
walls were afterwards cut away to provide the rectangular and circular 
openings shown, welding of the joint through those cutaway areas was not 
required. As a welding project, only the end flanges and center frames 
remained to complete the job. The most exacting phase of the fabrication 
lay in the accurate formation of the channel shapes and a careful wedding 
procedure to insure the degree of accuracy required for finishing to the 
given dimensions. To the commercial welding fabricator this subject pre' 
sented no unusual problem and a quantity of 48 base sections was fabri¬ 
cated and machined without incident. 
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Fig. 10. Carriage unit, original machine. 

The question of machining these base sections was carefully considered. 
On all four sides, numerous machined parts are fastened. If this base were 

a cast part—.and it is barely conceivable that a steel casting of such a* 

comparatively light cross section could be made to such a length—the 
numerous finished surfaces would be formed as raised pads. In this member 
there are 28 large bored openings and 10 rectangular ones, all of which 
require machine-finished margins for the sake of accuracy and tightness. In 
this case it developed that the preparation of 38 individual pads and their 
attachment to the main member would be far more costly than to machine 
the four sides as continuous surfaces. These long straight surfaces were of 
additional value in the erection of the machine. 

In the case of the carriage frames, advantage was taken of bending when 
possible, to form the corners. Beyond this, the procedure was one of straight¬ 
forward welding with only the necessary care to insure the required degree 
of accuracy and squareness to provide the necessary allowances for machin¬ 
ing. As in the case of the base sections, these housings were completely 
stress-relieved before the machining operations. No machining pads for the 
bored openings in the sides were necessary since spot facing of a limited 
area around each opening provided sufficient accuracy. For the 9-inch 
diameter hole in the underside, a raised pad was welded on to permit using 
a }4dnch plate for the bottom wall. Here, a separate pad was the better 
design. 

Are welding was extensively used in the construction of the V-shaped 
drip troughs which lie along both sides of the machine. 12 circular tanks 
located in the foundation pit beneath the machine were of arc welded 
steel construction. The platforms and bases of the hydraulic elevators 
were of welded design. The 5-foot stroke carriage advance cylinders (two 
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per machine) combined a seamless steel tube with cast steel ends and center 
supports by welding. 

The overhead steel structure for supporting the exhaust ductwork and 
the carriage return rails was erected with temporary bolts and then field 
welded in place. 

The distributing tanks on each carriage were formed of 14-gauge stain¬ 
less steel. Each tank is formed with a dished head in one end and a 
removable dished head, for inspection purposes, in the other. T-shaped 
tubular take-off connections are welded into the tank bottom for connecting 
with the wash arms by rubber tubing. Tank support saddles are of light 
plate and angle construction. See Figs. 5 and 6. 

Comparison of Welded Design Versus Original Design—For a compre¬ 
hensive comparison of the subject machine with the original, this is best 
had by dividing the discussion into three phases, viz. : 

1) , Actual saving in initial cost for equivalent apparatus fabricated by 
arc welding over that produced by the previous method; 

2) , Actual total annual savings accruing as the result of improvements 
obtained through arc welded construction; 

3) , Improved service life, operation and quality of product resulting 
from the use of arc welded design. 

In both the original and redesigned machine, the extensive use of stain¬ 
less steels, special acid-resisting pumps, valves, piping, etc. resulted in a high 
initial investment irrespective of the type of machine construction used. For 
determining the effect of arc welded design on the initial cost according 
to factor No. 1 noted above, a direct comparison will be made between the 
cost of the welded items and the cost of original items directly replaced 
thereby. The figures given are accurate, having been obtained from actual 
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records. The welded construction costs have been modified to represent 
those of a single machine project since the redesigned subject as described 
was ordered in a quantity of 4 complete machines. 

Carriage Units—Original Machine—Figs. 10, 11 and 12. 

These units consisted of cast aluminum housings for enclosing the wash 
arm spindle mechanism. A steel framework of partially welded angle 
construction was included for suspending the spindle housing from the 
monorail carrier system. The figure given is our purchase price of these 
items only, fully machined and ready for assembly,— 

?3 Units @ $347. each..$18,391. 

Carriage Units—New Machine—-The following figure is based on the 
welded and machined carriage housing, steel cover plates and bafHe plates 
which compare in function with above items. This is the purchase price 


for these items,-- 

5 3 l huts @ $176. each.$9,328. 

Monorail System—Original Machine—That portion of the monorail 
carriage supporting system including its supporting structure and considered 
as directly comparable with the functions of the new design base sections 
as carriage supports is here represented only.$8,740. 

Base Section Members—New Machine—The following cost figure rep" 
resents 12 base sections fabricated and machined. The carriage support rails 
are also included. Inasmuch as these members serve in numerous additional 
capacities, it is considered a fair comparison to give this figure so qualified. 

12- Base section units with rails @ $710. each.$8,520. 

Totalling the above gives the following: 

Cost as originally designed.$27,131. 

Cost as redesigned for 

Welded Construction .$17,848. 


Net difference in favor of 

Welded Construction .$9,283. 

or an initial saving of 34 percent over the original design. 

In the case of the stainless steel carriage-mounted solution tanks, those 
of the new design incorporated several additional features over the first 
design. In the original case, these tanks were formed as open catch boxes 
for "receiving the solutions from overhead delivery pipes. The resulting 
processing pressure was therefore limited to the equivalent head of about 
42'inehes which the design provided. In the new machine, the tanks 
were designed to operate as part of a closed system to permit hig er 
processing" pressures and a proportionate increase in the processing rate. 
Hence, no cost comparison with the previous construction can be fairly made. 

More striking economies appear in the annual repair and maintenance 
records of both the original design and the new machine. In determining 
these figures, lubrication expense is not included. While probably not all 
of the difference, between the following figures can be directly and solely 
attributed to the use of arc welded design as indicated in Factor No. 2, it is a 
definite fact that the new design features permitting the improved economy 
in maintenance resulted directly from the choice of welded construction. 
Repair and Maintenance Expense of the original machine 

for the first 12 months of operation .-----...$25,26- 

Repair and Maintenance Expense of the arc welded machine_ 


for the first 12 months of operation.-. 

Net Difference in Favor of Welded Construction 

or a saving of 89 percent in these charges. 


..$2,750. 

.$22,512. 
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Fig. 12. Another view of the carriage units, original machine. 

In proportion to the total initial cost of either machine which in both 
cases was approximately $250,000, the first repair and maintenance figure is 
better than 10 per cent, a thoroughly prohibitive amount. In the case of 
the new design the repair and maintenance figure is slightly over 1 percent. 

The one most significant fact which stands out above all others is the 
tremendous latitude at once available when the possibilities lying in arc 
welded construction are realised. This project illustrates the point so clearly. 
In either case, the specifications to be met were the same. The drastic differ' 
ence between the first and second designs is directly traceable to the indi- 
vidual’s approach to the problem. The first design was developed by a 
methodical and generally reliable type of individual but who otherwise relied 
almost entirely on precedent, looking forever backward for something done 
before. The second design was approached as just another opportunity for 
further progress and with the serious purpose of investing the company’s 
machine dollars in the best form of equipment obtainable. 

In the design of chemical process equipment particularly, the factor 
of service life is most important as well as utmost reliability to insure con¬ 
tinuous uninterrupted performance. From the results thus far, the service 
life for the redesigned equipment should be increased many fold over that 
of the previous design. Repair and maintenance becomes almost a negli¬ 
gible factor and the operation throughout the life of the equipment, a matter 
of assurance instead of an ever-doubtful one. 













Chapter XXXVI—Welded Lining of Horizontal Processing Tanks 


By W. E. Shefelton 

p-;\ iiuction Manager, R. D. Cole Mainifacturing Co., T^ewncin, Georgia 

Subject Matter: Three large tanks, which were made from flange- 
quality steel, eight feet in diameter and 30 feet long, were badly 
corroded in a rayon plant. A temporary small slot, three inches 
wide and 50-inches long, was cut in each of the tanks to admit 
the preformed 16-gauge stainless steel sheets. Since the old 
i:..- ge A.\i had a different expansion rate than the new 

.st.'.r'io-- uu:::g, was necessary to insert expansion joints in the 
new lining. These joints were small channels bent on a brake 
and later rolled into a hoop to cover the joints between sheets. 
No corrosion has been found alter 2-ycars' service. This method 
of repair saved $27,934.61 over replacing the corroded tanks 
with clad-metal new tanks. Additional data is given on savings 
in the dyeing vats for textile plants and special tanks for process* 
W. E. Shefelton foods. 



This paper deals with the lining of parts of three horizontal processing 
tanks in the rayon industry. The lining being applied only to the part of the 
tanks where corrosion of the tank shell was taking place. 

The tanks, as originally built, were A.S.M.E. pressure vessels, 8-feet 
diameter x 3(Mcet long, made of Vymch thick flange-quality steel. They are 
for the recovery of acetate used in one of the several processes for making 
rayon. Each tank as originally built contained a stainless steel basket for 
holding carbon, together with gutters to catch the condensate from the top 
part of the tank and carry it away without allowing it to pass into the carbon. 
The carbon serving to separate the acetate vapors from other vapors and 
gases. When these tanks were originally built, there was some discussion, as 
to whether the flange quality steel would stand the corrosive effect of the 
process. It was decided that the flange quality steel would be satisfactory, so 
the tanks were built as per dotted lines on drawing. The basket, diffuser 
nozzle, diffuser and condensate gutters were made of 18-8-SMO type 316 
stainless steel. 

In a short time after the tanks were put into service, it became evident 
that the acetate vapors were attacking and dissolving the flange quality plate 
above the carbon basket and deposits of the dissolved steel were forming where 
the condensate gutters joined the shell. In some places there were pieces 
of this deposit weighing as much as 10-pounds and resembling coral forma¬ 
tions. 

This condition was allowed to exist for a time until the tanks started 
leaking, and the insurance company insisted that the tanks be repaired or 
replaced to meet their safety requirements. Acetate vapor leaking from 
these vessels might cause a serious explosion. My company’s principal business 
is special steel plate construction and their representatives were called in 
to make recommendations on rebuilding these tanks, if possible, to keep them 
in service and save the expense of removing and replacing them. 

The writer made a preliminary inspection of these tanks and noted that the 
flange quality plate was badly corroded, but the type 316 stainless steel in the 

122 ? 





1226 


STUDIES IN ARC WELDING 


troughs and carbon baskets had not been affected. Wc recommended lining 
the top part of these tanks where corrosion existed with the same type of 
stainless steel of which the gutters and baskets were made. 

The owners considered several propositions, other than lining the tanks 
with stainless alloys, such as using a new rubber product which would with' 
stand the acetate vapors at regular temperature, but which the manufacturer 
would not guarantee at the temperature it was necessary to use in steaming 
out the carbon baskets. Another product considered was a synthetic resin 
coating. Samples of various materials were tested inside the absorber tanks, 
but were not satisfactory. 

The problem of lining the tanks with stainless steel was to make the lining 
vapor tight and keep the acetate vapors from the flange-quality steel. Also, 
withstand the changes in temperature which were necessary in the process. 
The process entailed the change from atmospheric temperature to approxi¬ 
mately 250 degrees several times per day as cycles of the reclaiming process 
were carried out. The co'efficiency of expansion on stainless steel being much 
higher than the flange quality steel shell (about twice as great). 

To take care of the expansion and contraction, it was decided to use some 
type of expansion joint at each seam. A small channel shaped section made 
of 11'gauge stainless strips bent on a plate brake was decided upon, (See 
Fig. 1, detail “B”). These channels being ^'inch deep and 1 V?/i nc hes wide 
would serve to stiffen the lining, as well as take care of expansion and con' 
traction. 

The lining was prepared in the shop, as far as practical. Each sheet was 
cut to site and formed to fit the tank at the point it was to he placed. Those 
fitting the cylindrical part of the shell were cut accurately to size, rolled to 
the correct radius and bent where they entered the gutter in a plate brake, 
(detail “H 11 ). The gutters were sloped for drainage purposes, to one end 
where the condensate was drawn off. This necessitated each plate which fit 
in the cylindrical part of the tank being slightly different from any other. 
The 12'gauge stainless sheets which were to line the heads were cut to shape, 
then dished and flanged. The linings for the various openings were prepared 
as shown on the drawing so that they could be installed in the field with a 
minimum of time and expense. 

The channels were formed on a plate brake and where they fit on the 
cylindrical shell were curved to the proper radius on a plate roll. 

After shop fabrication of the linings, they together with the necessary 
tools were trucked to the tank site ready for installation. Two 400-ampere 
welding machines and j/g'inch rods were used for the welding. The welding 
machines immediately available were oversized, but worked satisfactorily 
without any resistance being installed in the welding circuit. The machines 
were used with stainless electrodes to do all cutting in the field, such as holes 
for the nozzles in the linings and any place where it was necessary to cut the 
linings in the field. 

The granulated carbon in the basket of each tank was valued at ap¬ 
proximately $10,000. There would be some damage to it from foreign ma¬ 
terials falling into it, if it were left in the basket while the work was going 
on. Reactivating it was desirable, therefore, this carbon was removed from 
one tank at a time and reactivated while the tank was being lined. As soon 
as No. 1 tank was finished and put into service, the carbon was removed 
from No. 2 and reactivated and put into service, and then No. 3 tank was 
emptied. By doing this, it was possible to keep the reclaiming process in 
operation all the time. 




Fig', 1. Details of the stainless steel absorber tank lining. 
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The diffuser nozzle on each tank was connected to a 24-inch stainless steel 
pipe line through a 24-inch gate valve. This pipe line had been built with 
the tanks in place, and it would have been practically impossible to have set 
a new tank in position and connected without refabricating a part of this 
stainless steel line, which would add to the cost of installing new equipment. 

The inside of each tank was thoroughly cleaned before the lining job 
was started. This cleaning being done with pneumatic hammers and power 
driven wire cup brushes. The diffuser which was made of perforated stainless 
steel sheets was disconnected from the nossle and moved about in the tank 
as necessary to keep it out of the way of the workmen. 

A slot about 3-inches wide and 50-inches long was cut in the shell of 
the tank and all stainless sheet materials required for the lining of the job 
were placed inside of the tank through this slot. The slot was then closed by 
welding, (See Fig. 1, detail “JH)* ^11 the pipe connections were opened to 
allow a good circulation of air. The workmen entered and left the tank 
through the 18-inch manhole on top. A 14-inch exhaust fan was placed in 
this manhole for forced ventilation at all times when there was any welding 
going on inside the tank. 16-gauge stainless steel was selected for the 
main part of the lining. The original steel shell was still in good enough 
condition to support this lining at the pressure required to carry on the process. 
Across the ends where the lining could not be as well supported, 12-gauge 
stainless sheets were used. The steel tanks varied slightly in dimensions, so it 
was decided to leave approximately Vi^nch between all stainless sheets in 
this space to be varied to suit each tank. The 11-gauge stainless steel channels 
were then placed over these openings. 

Work was started on the end of the tank at the diffuser. The end rings of 
two 16-gauge sheets were put in place and forced tight against the shell of 
the tank, using circle boards cut to the radius of the tank, with a piece of 
rubber hose on them next to the stainless steel to take care of any irregularities 
in the shell of the tank. These sheets were tacked into position to the original 
shell very lightly. Then the four end pieces were put in position around 
the diffuser nozzle. 

In view of the fact that the location of these nobles varied slightly, an 
additional ring of stainless steel was placed around the nozzle to save time in 
fitting. The four main plates being fitted to the head and shell of the tank, 
and the extra ring fitted to the stainless nozzle lining and then welded to the 
four main plates. 

Material required for 3 linings, Type 316 Stainless Steel 


21—Sheets, 16 Ga. 49 X 67*4 = 1247# @ $.5442 $ 678.62 

24—Sheets, 16 Ga. 49 X 66 = 1419# @ $.5442 772.22 

1—Sheets, 16 Ga. 31 X 52 = 28# $66.42 ^ 18.60 

1—Sheets, 16 Ga. 36 X 62 = 40# @ $66.42 =- 26.57 

1—Sheets, 16 Ga. 28 X 68 = 34# @ $65.92 =r= 22.41 

3—Sheets, 12 Ga. 42 X 61 = 241# @ $.5992 — 144.41 

3—Sheets, 12 Ga. 42 X 92*4 = 363# <g> $.5692 206.62 

50—Strips, 11 Ga. 2y^ X 96 = 280# @ $.5942 ^ 225.80 

Welding Rod 150# @ $1.05 = 157.50 

Boxing Sheets and Strips by Steel Mill for shipment to us. 35.72 

Trucking tools and lining to job and tools back to plant 40.00 


Net cost of material and freight..__..$2328.47 

Profit on material . _________ 232.85 


Selling price of material and freight ....._$2561.32 







Shop Fabrication of Linings 


Direct labor ......_____...$148.55 

Overhead on above._ ..... 222.83 

Selling price on shop fabricating of linings...$ 371.38 


Field Installation of Linings 


124 firs, foreman .... ........$191.00 

480 firs, mechanic ........ 600.00 

791.00 

Overhead charged on above . ... ___ 566.30 

Selling price field installation .. .... ..$1357.30 

Selling price on linings___...$4290.00 


Replacing tanks with stainless clad steel, %<;'inch thick:—This being the 
minimum thickness which could have been used. Due to srie extras, it is more 
economical to use small plates about 5-feet by 12dcet, than it is to use 
larger plates. All stainless material, Type 316. 


37 Plates r ’ lr , X 60 X 152*/, — 31,000# @ $.3250 = $10,075.00 

12- Plates % X 57 X 1 14 = 9300# @ $.3050 = 2,836.50 

1150 Sq. ft. 14 Chi. Plate = 4000# @ $.654 = 2,616.00 

900--Sq. ft. Stainless Steel Screen ' @ $3.00 = 2,700.00 

1200- “Lin. ft. 2 X J4 Bar 2040# @ $.565 = 1,152.60 

600 - -Lbs. Stainless Welding Rods 630.00 

600 Lbs. Electrodes * 45.00 

Freight to destination 240.00 


$20,295.10 

Profit . , . ....... ..... 2,029.51 


Total selling price material and freight ______..$22,324.61 

Shop fabrication of dad tank and basket, estimated for 3 tanks 
3000 Hrs. @ $1.00 =* $3000.00 

Overhead on above $4500.00 $7,500.00 

Field removing old tanks and) 

installing new ones ) $1500.00 

Cutting up old ones for scrap 200.00 
Overhead on above 1200.00 


$2900.00 $2,900.00 


Selling price 3 Stainless Clad Tanks.....$32,724.61 

Estimated selling price of 3 new tanks and baskets of Type ) 

316 stainlcss'dad sheik Solid stainless basket, perforated with) 

2x 14 reinforcing bars, lined with 20 x 20 mesh stainless screen. ) 

Less scrap value of original tanks after being cut up for scrap.... 500.00 


$33,224.61 














Selling price of 3 new tanks, ) 

less scrap value of old tanks).....$3 3,224.61 

Selling price of linings------.- 4,290.00 


Savings effected by the Rayon Plant in having )...-.$28,934.61 

the tanks lined instead of replacing them. ) 

The lining cost 13.31% of the cost of the new tanks, 
effecting a saving of 86.69%, over stainless clad tanks. 

Tanks of solid stainless would have cost...$13,300.00 

more than the stainless-clad tanks, due to increased cost of material. 

The lining cost 10.40% of solid stainless tanks or saving of.. 41,234.61 


The cost of material shown for the lining job was taken from our cost 
records and invoiced to customer. 

The estimated cost for the new clad vessels is an authentic estimate. 
12—% 6 -inch plate for each shell and 4—24-inch plates for the 2 heads. The 
37th % 6 -inch plate would be for nobles. 

Without welding, it would have been impossible to have done the lining 
job—in fact, it would be impossible to do the clad job. To replace the tanks 
without welding, it would be necessary to use solid stainless or ordinary 
steel. The first would have increased the cost $13,300, and the ordinary steel 
would have to be replaced every year or so. 

The linings have now been in service for 2 years and show no sign of 
failure or corrosion, which is good evidence as to their lasting qualities. 

The company with which I am connected specialises in steel plate 
fabrication, selling around a million dollars worth of various kinds of con¬ 
tainers and processing equipment each year. They save on the average of 
15 per cent of the total sales by use of arc welding, making a gross saving 
of $150,000 per year. Some jobs show a much greater saving than 15 per cent. 

In addition to the saving effected by arc welding, we are able to manu¬ 
facture some products at a cost which permits them to be sold to customers 
at a price they can afford to pay. This is especially true where clad metals 
or lining jobs are used in the textile, chemical or food industry. 

Corrosion often can be eliminated so that the life of equipment is material¬ 
ly lengthened by the use of very thin layers of non-corrosive material. Iii 
other cases, the picking up of foreign substances from containers or processing 
equipment which discolors or causes the chemical or food to lose desired 
characteristics, can be eliminated. Up until arc welding became prevalent, 
this was impractical in most cases and impossible in many cases. The public, 
as well as the manufacturer benefits from the use of arc welding by securing 
many products at a lower cost, and also arc welding makes it possible to 
have many products we could not have before, because it has made possible 
the use of many alloys which were not practical to use before. 

The writer talked with the superintendent of a rather large mill which had 
installed several hundred thousand dollars worth of non-corrosive alloy in his 
dye house. The equipment had been in use 3 years. I was assured that this 
equipment had paid for itself in less than the 3 years and was still in ex¬ 
cellent condition. Before the use of arc welding, it was impossible to use such 
equipment. 

The use of non-corrosive alloys in the dye industries has permitted a much 
wider variation in colors than was possible with cast iron and wooden dye 
vats, because the dye does not pick up any foreign material from the non- 
corrosive alloys. These foreign materials formerly made it impossible to cover 
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gn material picked up affected the 
non'corrosive alloy containers between batches 
as compared to g of corrosive containers in the case of dyeing 

equipment, siting . etc. saves much time in the textile industry. 

A part of all savings such as has been listed is passed on to the ultimate 
consumer of the textile goods, and in this way civilisation as a whole benefits 
from the use of arc welding. 

Davison's "Textile Catalogue - " lists: 


243Cotton Mills; 942 Woole 
11s: 1101 Rayon and Silk Mil 
Throwsters: 16 non. Flax, 

Finishers; 12 

aho\ tal of 8,11 

>n a single job m one c 
$27,934. This is only one 
company on which we have 
8,119 textile nl 
238,000 per 


and Rug 
Commission 
717 Dyers and 

this country. 

mills shown a net saving of 

1 wc done for this particular 

effect large saving. If each of 
would be a saving of 


Summary: 

This paper shows a saving of 86.69% or $28,934.61 

against a clad job. 

This paper shows a saving of 89.60% $41,234.61 

against a solid stainless job, 
which would he the only 
substitute possible, if it 
were not for welding. 


This paper shows a saving by my 


company 

of 

$150,000.00 

per year by the use of are 



welding. 



This paper shows a minimum saving 

of 

$16,238,000.00 


to the textile and clothing industry by the proper use of arc welding. 

This paper shows that by the proper use of arc welding the service life of 
tain equipment can he increased several fold. That the public as well as. 
manufacturer benefits by the use of arc welding 



Chapter XXXVII—Arc Welding in Press Machinery 


By Lloyd A. Whittaker 

Chief Engineer , Thomson Rational Press Co., Fran\lin, Mass. 



Subject Matter: This company had been making their machine 
frame from steel castings and plate with great satisfaction and 
economy. Steel plate priorities made it impossible to continue 
this method of fabrication and patterns were built for a cast 
iron frame. The weight was increased 50Opounds when cast 
iron was substituted and the strength factor is still doubtful in 
one highly stressed section of the frame. Cost was increased 
from $157.62 per welded frame to $214.30 for the cast frame. 
There is no doubt in this company's mind whether they should 
return to welding when steel is again available. 


Lloyd A. Whittaker 


A good many months before Pearl Harbor and shortly after this couiv 
try started its national defense effort, machine manufacturers were informed 
that they would have to have priorities to secure the various types and thick' 
nesses of steel which had always been taken more or less for granted. 

The average company didn’t take the possibility of rationing too seriously 
nor did we, who, at that time, were making a press to automatically cut, 
crease or emboss boxes, book covers, jig saw puules, etc. and for which the 
frame was being fabricated of steel, until it became quite apparent that we 
would not be able to obtain any more of these frames. 

We intended to continue making these presses, if at all possible, since 
we had the feeder mechanism for several on hand and so had no alternative 
but to have pattern and core boxes made to use a frame of cast iron. 
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Fig. 2. Left-hand side view, cast iron construction. 


The use ot cast iron made it necessary to make the sections much heavier 
than had been the ease of the steel frames and also to rib overhanging sections, 
and because ot space limitations it was necessary to redesign the press. 

Curiously enough this procedure was the reverse of the policy which we 
have followed for years inasmuch as cast iron frames had always been 
standard with all our machines, and a departure to a steel frame was made 
only when a press had to be extremely rigid or when weight limitations had 
been specified. 

Figs. 1, 2, 3 and 4 show the right hand-side view, left hand-side view, 
front and rear views and plan view, respectively, of the cast iron frame. 

A study of these views and also the section view of the head on Fig. 12 
will suffice to realize that an extremely complicated system of coring is neces¬ 
sary to produce such a casting. 

Figs. 6, 7 and 8 show views of the same frame, drawn to conform to 
the redesign, made of welded steel and are in the order of right-hand side 
view, left-hand side view, front and rear views and plan view, respectively. 

It will be observed on these four drawings that each separate part of the 
frame has been given a segment number which if shown on more than one 
view is the corresponding part and this numbering of the segments should 
serve to clarify the views. 

Figs. 9, 10, 11 and 12 correspond to the previous four views but are broken 
up to show the individual segments and to show the method of welding and 
also the method of assembly. 

Segment 1, the head, on Figs. 5 and 9 is a steel casting and is cast closely 
enough to require only torch cutting the radius to which the front and side 
frames, are welded, and also torch cut the bevel for welding. 

Segments 2 and 19, the side frames, are cut to size and shape with the 
holes cut out and the bosses welded into position while the frames are lying 
horizontal before assembly to the head. In this manner, the side frames 
and front and rear segments are made complete then welded together before 
the head is welded on, which is the last operation. 

Fig. 13 is a sheet showing each segment in the quantity used, and the 
individual weights and the numbers of the segments will be found to cor¬ 
respond to those of the eight previous figures. 
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Fig. 3. Front (left) and rear views, cast iron construction. 


The following tabulations will give the cost of the frame as closely as 
can be es timat ed, and these figures are based on comparatively recent figures 
of local suppliers of oxygen, acetylne and steel, also leading manufacturers 
of welding rods and equipment. Figures on labor and also clectrie power costs 
are based on conditions locally. 

Due to the war effort and constantly increasing labor and material costs, 
these figures would not apply at the moment even if we could procure the 
material; however, the costs would increase or decrease proportionately be¬ 
tween the cast iron frames and those of welded construction. 


Labor.$ - 75 P er hour 

Overhead ..$ .75 per hour 

Q X yg en _______..$1.40 per 100 cu. ft. 

Acetylene ...*.$2.80 per 100 cu. ft. 
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Stuck 

Rate of Cutting 
Inches 
per Min. 

Cubic Ft. 
of Acetylene 
per Min. 

Cubic Ft. 
of Oxygen 
per Min. 

Cost 

per 

Inch 


18 

.2 

1.5 

$0.002S 


16 

.21 

1.8 

.0034 


15 

• 23 

2.0 

.004 

l " 

14 

.23 

2.3 

.0045 


12 

.27 

3.3 

.0065 


The amount of inches of cutting is computed with the view of using the 
straight outer edges of the hot rolled steel plates as the straight edges of the 
larger segments and also arranging the segments so that one cut will serve 
as the edge of two segments. Where segments are, as in case of segment 
4 with dimensions ot 1 Winches x 2 1 /Vinches, a bar of steel of those dimen¬ 
sions is used and the segments need only he cut to length. In addition, 
the round bosses when of small diameter can most economically be made of 
round stock and either sawed to length or torch cut. In a case like our own 
where a complete machine shop is available and stock is being sawed off at 
all times, the costs shown here will he hy that method. The number of inches 
ot cutting and the costs are tabulated as follows: 


Number of 
Inches 

Cost 
per Inch 

Total 

Cost 

111 

$0.0028 

$0.63 

368 

.0034 

1.25 

39 

.004 

.16 

40 

.0045 

.18 

5 

.0065 

.03 



$2.25 


These cutting costs seem extremely low but with comparatively simple 
and inexpensive cutting machines and with templates for irregular shaped 
forms no difficulty will be experienced in cutting these segments and they 
can be turned out very rapidly. 

The total amount of cutting for butt welding, which is used only on both 
inside and outside of the head where it is welded to the frame and also one 
side each of front and rear segments where they are welded to the side frames, 
is 269 inches and is computed at the same cost as cutting the VVinch thick 
plate. 

The are welding costs are taken from “The Procedure Handbook of Arc 
Welding Design and Practice" and are computed as fillet welds entirely 
since the cost of beveling for the butt welds has already been included, and 
fillet welds which comprise most of the welds on this frame are cheaper, 
faster and easier although welded on both sides of the abutting plates. 


As Computed Labor..«....-. $0.75 per hour 

Overhead while using equipment. $0.75 per hour 


The electrode cost is taken as recommended and is for single-fillet welds 
only, and where welding is done on both sides in every case the number of 
inches of welding is figured to do both sides. 
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Fig. 7. Front (left) and rear views, welded steel construction. 


Ik*.ids 

Amps. 

Volts 

Speed 

Inches 
per Min. 

Lbs. of 
Electrode 
per Inch 

Cost 

per 

Inch 


I i 90 

j 30 

120 

•038 

$0.0199 

5 

! 190 

1 30 

60 

.124 

.0390 

6 

190 

30 

48 

.152 

.0501 


Ill all cases where \-Vinch plate is abutting any other plate, 3 beads arc 
used and where j-ft-inch plate is abutting other plate, 5 beads arc used. 
On %dnch plate, or thicker, 6 beads are used although in the case of the 
four feet we could undoubtedly use fewer beads. That, however, is the 
basis for computing these costs although it is normally left more or less to 
the discretion of the welder when the segment is not too important. 

In the case of the %unch thick bosses there is probably no real necessity 
to use 6 beads to weld them on; however, a much neater appearance is 
obtained by the larger fillets. 

The amount of fillet welding of the various segments is as follows: 


Stock 

Number of 
Inches 

Cost 
per Inch 

Total 

Costs 

\i u . ... . ................ 

108 

$0.0199 

$ 2.15 

'4* . .. 

542 

.0390 

21.14 

3 ^' it 

67 

.0501 

3.36 

Butt welds . ... ... ....... ...... 

136 

.0398 

5.41 

Total ... .... ................. 



$32.06 


The number of inches of cutting and welding for a frame of this type is 
extremely small since it can readily be seen from the segment layout on rig. 
13 that most of the segments are large ones, and for the straight surfaces we 
make use of the edges of the stock purchased, thereby saving a very large 
amount of cutting. As may be seen, the only amount of welding around 
the entire base is to attach the foot to each comer. 














These figures were taken from the original layout which is too large to 
include on this paper. 

The steel costs are based on quotations submitted by local suppliers when 
steel was available. 

Stock thickness Cost per 100 lbs. 


V 2 " .-.-.-. $4.07 

W' . 4.07 

%" . 4.07 

1 " . 4.07 

iy 2 " . 4.32 

Cast Steel . 12.25 


Using these figures as the basis of the stock costs and having computed 
the segment sixes and weights, the data is as follows: 


Stock 

Size of 

Segment 

Segment 

Stock 

Weight, Lbs. 

Cost 

w . 

Plate 

234.5 

$ 9-54 

yy ... 

Plate 

629.8 

25-63 

Va" . 

Plate 

13.8 

.56 

1"....... 

1" x 10" wide 

119.6 

4.87 

iyr . 

IX" x2X" wide 

57. 

2.46 

Bosses. 

Round stock 

11. 

.45 

Cast steel. 


470. 

57.58 

Total. 



$101.09 





From these figures an accurate cost can be derived and is tabulated as 


follows: 

Actual Stock Cost .$101.09 

Cost of Cutting. 2.26 

Cost of Welding . 32.07 

Fatigue—20% of total time . 4.20 

Helper @ $0.60 per hour. 18.00 


Total cost of Frame.$157.62 

Total Weight of Frame Stock. 1 535# 

Electrode. 99.25 

Total Estimated Time. 30 hrs. 


We have had one cast iron frame cast to date and the computations for 
the cast will necessarily include the cast of the pattern and core boxes, and 
we have no definite way of determining just how many of these presses we 
may have occasion to make and it can honestly be said that the present size 
of the machine does not conform too handily to the needs of the majority 
of plants. In all fairness I will assume that over a period of time we may 
make ten machines from this pattern and will pro-Tate the pattern costs 
in that proportion although there is no guarantee that we will make that 
many presses. 

The data on the cast iron frame is as follows: 


-.1.....2277 lbs. 

Cost @ $6 .75 per 100 lbs. $153.70 

10% of pattern cost of $606 .. 60.60 


Total cost of frame.. $214.30 
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From the foregoing figures, it may readily be seen that a great saving in 
weight is achieved by using the welded frame and also from the figures, which 
arc as accurate as possible. It will be seen that a saving approximately 26 per 
cent is realised by welding the frame. While there is a certain degree of 
difference in the appearance of the two frames, they are both made in ac¬ 
cordance with the standard practices. 

The flare around the base of the cast iron frame is for three main reasons, 
the first of which is possibly appearance, and to conform to a general trend 
in machine design, that is more or less current. Then again, it aids in provid¬ 
ing additional draft to the pattern for moulding and also allows the weight 
to be spread over a larger area. Obviously, the type of feet used on the 
welded frame could not be used on the casting without a good deal of ribbing 
and even then, with a strong possibility that one of the feet might be broken 
off in handling or erecting on an uneven floor. 

The difference in weight is easily explained by the obvious difference in 
the thicknesses of the sections and the abundant ribbing which is necessary 
to reinforce the cast iron. 

In the case of the welded frame it may be observed in Fig. 14 that there 
is normally no particular stress on any welds with the exception of segments 
4 which may, provided a die is incorrectly mounted with the load above 
or below center, be subjected to quite a load. However, both sides of seg¬ 
ments 4 are welded to their respective side frames each with total of 
inches of fillet welding and have proven amply rigid in the past. This point 
on the cast iron frame incidentally constitutes our main point of worry, for 
as you may see on Fig. 1, we have allowed ample metal as shown in the 
section view and have also provided three ribs on each side. 

The figures as given are as close as can possibly be computed and I do 
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not believe they have been favored in any way. Certainly we are justified 
in allotting a proportional part of the pattern cost to each casting, and since 
we have no fixtures at the moment a much greater allowance in welding time 
was allotted than is actually required. A fair estimate of time was included 
to peen the corner welds for squaring up after welding which should tend 
to relieve the stresses that might be set up in welding and eliminate a neces- 
sity of normalising or heat treating. 

The finished surfaces on the welded frame are held to a maximum of 
J/8-inch and all of the bosses on the side frames are cut %-inch thick when 
the finished dimension will be 5 /&'inch and the frame is made closely enough 
so that amount of finish is ample. 

On a casting, and particularly on a large complex casting, J/j-inch or 
inch finish is customary and this can easily be increased by rapping the pattern 
in the mould so this means more planing time, hence, more expense in finish' 
mg. 

A further saving is realised with the welded frame in painting because 
there is no snagging necessary and the rolled plate, being smooth, does not 
require several coats of filler with the resultant operation of smnothing as is 
the case with a casting. 

Fig. 12 shows the section view through the head of both the cast iron 
and steel frames and attention is called to the oil reservoirs for the main 
shaft. 

These reservoirs are necessary for the proper lubrication of the main shaft 
and show bronze bushings pressed into the hole finished in the cast steel head. 
These bushings are necessary to provide a good bearing surface since obvi¬ 
ously we could not run the steel shaft in the cast steel head without them. 
At the same time, the spacing of these bushings provides the oil reservoirs 
and since they and the hole into which they are pressed are machined we 
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can be certain that there will be no chips or core sand which might cause 
excessive wear as has been the case with the cored reservoirs on the iron 
frame. 

In addition, since the only wearing part on the press is the main shaft 
hole we are able to install new bushings on the steel frame at such time 
as the press might come back for rebuilding whereas with the cast iron frame 
we would have no alternative but to rebore the hole to a larger size and 
make an oversized and mongrel shaft. Therefore this feature, although made 
necessary, is a distinct advantage. 

The difference in weight is also quite important since not only is the 
frame easier to handle throughout our operations here in the plant but also 
the difference of weight of J/ 4 -ton will be reflected in cheaper shipping 
costs. Quite often elevator capacities have to be considered and this differ¬ 
ence in weight could mean that a press might be shipped assembled rather 
than in sections involving an expensive assembly job with inadequate 
handling equipment in some factory outside. 

Obviously, we have no alternative but to use cast iron frames for the 
duration and to the best of our engineering skill they should serve the pur¬ 
pose satisfactorily, but when the war is over there will be plenty of first-class 
welders available. Steel should, due to the great expansion of facilities to 
make it, he very cheap to purchase and the same will hold true as far as the 
production of oxygen, acetylene and welding rod is concerned. Then, I am 
sure, the advantages in welded construction which have been shown in this 
paper and which have been realized so recently in the construction of tanks, 
planes and guns will be adopted quite generally. 








Chapter XXXVni—Collating Machine of Improved Design 


By John M. Riordan 

Chief Engineer, Bonnar'Vawter Fanform Co., Cleveland, Ohio 


Subject Matter: Heavy-printing-industry machinery is being made 
from traded-in obsolete equipment and scrap from various places. 
The finished product does not have the fine appeanmee of a 
show machine but it is substantial, economical a:sd eiiioent. By 
surveying the old material on hand, good designs can be made 
when it becomes necessary to do so. This company received 
orders for several collators, which are used to gather previously 
printed forms with carbon sheets between each form. War pri¬ 
orities made it impossible to use new materials or to get sub¬ 
contractors for the large machining work. Therefore, the machine 
had to be designed for available materia! with large parts already 
machined. The frame and rails were built up from largely-used 
material by welding short pieces together. Cost of this machine 
was only 78% of the one previously built. Building time was 
reduced 31% and the weight was reduced 68%. 

The text of this paper will deal with ways and means of building machines 
or equipment by the new modern method of arc welding. 

Without efficient arc welding equipment, the cost and means of obtaining 
new equipment for the industries in the so-called “second line” non-defense 
plants are prohibitive, yet these industries are called upon to furnish essential 
products for defense plants and even the government. 

It is true that sometimes priority ratings are furnished with these orders, a 
degree priority for this and a degree priority for that, and a llock of these 
priorities has no value if the material is not in some distributor’s stock 
or if the distributor demands a higher degree rating. When this situation 
is added up there is no priority on time, and by checking through the obso¬ 
lete equipment, the scrap pile or elsewhere, suitable parts con be found for 
die arc welding of construction. Castings can be welded to castings and 
:astings can be welded to steel. 

Of course, this finished product is not the class of equipment that can 

put in the show window for sale but it is practical, substantial, economical 
tnd efficient. There is no priority on this method which comes in very 
landy for repairs as well. 

A design in castings is often prohibitive due to the cost of patterns, the 
extreme weight incurred for strengthening and ribbing, and also because of 
he molding, handling and machining time. Often-tiines the detailed welded 
)art cost is less than the pattern would have cost and the molding, handling 
aid machining time is saved. 

By applying the science of arc welding in designing machinery and 
:quipment, there is less need for investment in expensive machine tools 
nd space. This method places the small shop operator in a more hide- 
>endent position whereby he can help himself in times like these. 

Description of Collator and Product —This machine is known as a ed¬ 
itor to the printing industry and is used to gather or collate previously 
rinted forms in register, with carbon paper placed between each sheet. 
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Fig. 1. The subject of study. 


Bel ore passing under the cutoff knife at the delivery end of collator, each 
sheet ol paper has been printed, holes punched along edge and wound up 
as a roll not to exceed 24-inches diameter 20-inches wide. These printed 
rolls are then placed on the collator on their respective shafts at 28-inches 
spacing, the length ol collator. The paper is then run over several other 
rolls ior the purpose ot iceding, guiding and squaring up before going over 
the registering drum which has bullet nose pins at the same spacing as the 
holes in the paper. Each sheet of paper passes over a registering drum; 
between each roll of paper and above the paper roll shafts are eight other 
shafts ior the carbon paper rolls. The first sheet of paper to leave the collator 
is the bottom sheet of the snapout form, then a sheet of carbon is fed in and 
passed over the glue wheel, the next sheet of paper, after passing over a 
registering drum, is run over the same glue pot, but contacts another glue 
wheel so that when these three parts meet over the next registering drum, 
they are glued together by the pressure of a rider wheel above the regis¬ 
tering drum. 

The other sheets of paper and carbon arc glued the same way so that 
they are all glued as one. 

This continuous web is then fed on through to the front of machine 
where the edge with holes is trimmed off and a stroking means is provided to 
exit snapout forms to specified lengths and after packing they are ready to ship. 

This type of collator is considered the most efficient method and the 
results prove the high degree of register maintained. 

Planning and Erection Procedure—Our company built two collators of 
different designs and after a period of over two years found that one was 
far superior to the other and as the demand grew for this type of work it 
became necessary to build another collator to meet the increased production 
schedule. 

So, on December 22, 1941, an order was issued from the front office 
for one nine-part drum-type collator. 
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The frame of the previously built nine-part drum-type collator was of 
such size and weight that the work had to be done in a shop equipped to 
handle heavy structures. The weight of each unit is 3300-pounds and, there¬ 
fore, it was built in three sections to facilitate handling and, owing to the 
design, had to be drilled and bored on a boring mill. 

In a short time the writer realized what a big change in conditions a few 
years can make. On our first drum-type collator, the blue prints were sent 
out to three or four shops for estimates on the various parts and we did the 
assembling at our shop as we are only equipped in the machine shop for 
repair work. But today, it is almost impossible to find a shop that will give 
you an estimate and a delivery date at figures that will meet your budget. We 
found out that some of the material was not on the market any more. 

Therefore, the machine had to be redesigned for available material, light 
in weight, simple in design so that we could handle and machine the parts 
in our own shop. 

After shopping and scouting around in our morgue, I got a list of 
materials and in due time the drawings were finished. 

The new design of the body or frame of the collator had a length of over 
21 -feet which means that the three horizontal side rails on each side were 
welded together, as this size stock only comes in 12-foot lengths. 

After welding, they were cut to 21-feet, 1-inch long, keeping the welded 
joints between the spacers and straighteners. While the drawing calls for 
54 -inch thick stock for the side rails, we were compelled to use some VVinch 
and 54'inch thick stock with the 54'inch, keeping one side straight so as to 
maintain the 18-inch final outside width of frame. 

The next operation was to weld the three side plates to the end angles, 
properly spaced and squared. Then the vertical spacers were welded in place 
properly spaced and flush with the outside, also the 54'inch x 1-54-inch 
straighteners. 

| At this point, the two frames were placed together outside to outside, 

I squared and matched up, clamped together and doweled, all holes laid out 
and drilled, reamed or bored on a radial drill. The frames were then 
separated. The lJ4dnch inside diameter bushing hole collars were bored in 
lathe and cut to length. A slip fit shouldered plug was used 2-inches long and 
slipped into hole with collar located and the collar welded to frame; the 
slip plug was then removed and bronze bushings driven into place. The eight 
steel tubes were then driven into place in one side frame, then the other 
side was pressed over the other end of tubes with the gas pipe spacers in 
place and clamped together. The tubes and pipe spacers were then welded 
to the side plates. The frame was then squared up in relation to the holes 
and the two cross braces at the ends welded into place; the bushing holes were, 
then lined reamed. 

The four angular placed foot braces act as supports for the over hang of 
weight. 

This collator has no extreme weight, speed or shock to deal with. The 
maximum speed is 150-feet of paper per minute, cut to various lengths A 
five horsepower slip-ring A. C. motor we had on hand is used for variable 
speed control. 


Cost Comparison —The machine which was built by the fabricated arc 
welded method, (See Fig. 1), cost only 78 per cent as much as the one 
prevxcmsly made, notwithstanding the fact that labor and material prices 
had substantially increased. Furthermore, the building time was reduced 31 
per cent and the reduction of 68 per cent in the weight of the machine 
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frame enabled us to handle the parts and do the entire job in our own small 
shop, instead of trying to have it done outside on heavier machines which 
were busy on defense products. 

We have learned through about five years experience that the possession 
of an arc welder and the use of it in solving problems not only reduces cost, 
but also uncovers methods of obtaining results which would otherwise be iny 
possible. We could not have built this machine under present day condh 
tions, without our arc welder. It gives us greater security and a feeling that 
we do not have to be victims of adverse circumstances. Where there is a will 
there is a way—-by arc welding. 



Chapter XXXIX—Redesigned 40 Millimeter Anti-Aircraft Gun 

Carriage 

By Dr. John L. Miller, 

Chief Metallurgist, Gun'lsAount Division, The Firestone Tire and Rubber Co., 

A\ron, Ohio 

Subject Matter: Various parts changed from riveted to welded 
design. The chassis and outrigger supports were redesigned 
with high-strength low-alloy steels and although only 30% more 
weight was added, strength was increased 50%. Cost per chassis 
was $76.30 less than riveted construction. 

The top carriage which carries the gun was redesigned for weld¬ 
ing with a net saving of 17-pounds as compared with riveted 
construction of equal strength. Appearance was improved and 
cost was reduced $10.37, excluding overhead or profit. The 
axles used in the foreign design were estimated at $110 each 
when made from solid bars by forging. Design, involving tubes 
and cast steel ends joined by welding, saved about $68 per axle. 
A number of other smaller parts were also redesigned to be 
welded. The total saving estimated at $171.43 per carriage. 
While cost is secondary in a military program, the important 
factor here is the increase in production and the improvement 
in the performance of the final product. 

During February, 1941, the Firestone Tire and Rubber Company was 
approached by the commanding officer of the Cleveland ordnance district, 
with a request that this company consider the redesign and manufacture of a 
40 millimeter anti-aircraft gun carriage. This gun carriage was to be made over 
the lines of the Swedish Bofors Automatic Anti-aircraft Cannon. Prior to 
the time of the request, the army ordnance department had made a com¬ 
plete survey of the manufacturing facilities of plants throughout the United 
States, and at that time, the use of our company’s facilities for the manu¬ 
facture of defense materiel was volunteered. The survey had shown the 
company to have available a large machine shop, well equipped with modern 
machine tools and skilled personnel. This machine shop had been engaged 
in the manufacture of various types of molds, dies, and machinery, designed 
and developed by the organisation for its plants located throughout the world. 
Its existence was a deciding factor in the selection of a rubber company for 
the production of an anti-aircraft carriage. 

The civil war in Spain had demonstrated the value of an intermediate 
caliber, automatic cannon for defense of vital supply centers and for defense 
of field troops against operations of low-flying aircraft. During that period, 
the 40 millimeter Bofors gun proved its efficiency and reliability. Since then 
this gun has been widely adopted, particularly by the British and now by the 
American forces. The decision was based on reports from, and personal 
observations in, combatant countries and as a result of exhaustive tests 
of pilot models at the Aberdeen proving grounds. 

The 40 Millimeter Anti-aircraft Gun and Carriage— The 40 millimeter 
anti-aircraft gun is mounted on a top carriage attached to a cross bed chassis 
having lateral outriggers. This chassis is mounted on 4 wheels equipped 
with 6 x 20 transport tires having bullet resisting tubes, all wheels having 
electric brakes. The carriage wheel basis is 126-inches. The gun may be 
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Fig\. 1. A panoramic view of a section of the assembly floor showing a n umb er oS 
completed gun carriages ready for installation of gun breech and tube. 

elevated from minus 5"degrees to plus 90"degrees or through a 95"degree 
arc, and may he traversed 360"degrees. The projectile has a weight of approxi" 
matcly 2.2'pounds and leaves the muzzle at a velocity of 2,850Teet per second. 
Shots may be fired at the rate of 120" 140 per minute, usually in bursts of 
4"6 shells. In view of its rapid maneuverability, the gun is adapted particu" 
laxly to use against low"flying aircraft, including dive bombers. It has a 
maximum horizontal range of approximately ll,000"yards and a maximum 
vertical range of approximately 5,400"yards. The effective range is 2,500" 
yards horizontal or vertical. During firing, the gun carriage is supported at ; 
four points by jacks having large diameter foot plates and additionally secured 
by four stakes driven into the ground, guided by brackets attached to the 
chassis. The front and rear wheels are retracted during firing in order to 
eliminate vibration which would occur if the recoil energy were transmitted 
to the ground through the rubber tires. This retraction is accomplished by 
the equilibrating action of strong springs housed within the box girder of 
the chassis frame. The electrical wiring for the brakes, the front and rear 
lights, and the wiring which conveys current to the motors which operate 
the oil gears, also are housed within this box girder. This is an additional 
advantage of the box"type construction. Calculation and experience have 
shown that the box type of construction results in the strongest possible 
frame for a gun carriage of this type. The gun breech and tube are manu¬ 
factured by another corporation and forwarded to our plant for assembly 
on the gun carriage. The total weight of the complete gun and gun carriage 
is approximately 6,OOOpounds. 

The Redesign Period—An important mount was made available, for our 
study. Such drawings as were furnished showed dimensions in thd* metric 
system and employed metric or first angle projections. It. was. required to 
transpose all these drawings to accord with United States Ordnance Stand" 
ards, this involving the redrawing, and in many instances the redesigning, 
of approximately 1,400 separate drawings and the introduction of 460 United 














States Government standard data sheets for parts such as nuts, bolts, screws, 
and washers. Another extremely important transposition involved changes 
of all materials used in fabrication so as to make them available within the 
United States. A complicating restriction imposed was the necessity for 
selection of materials adequate for the intended service but containing a 
minimum of alloying elements which are particularly strategic. To illustrate 
this, the English had made a large number of parts using steel containing 
appreciable quantities of nickel. The material changes made almost com¬ 
pletely eliminated nickel containing steels. In most cases these material 
changes were accomplished without reduction of the unit area physical 
properties by taking full advantage of processing and heat treating methods 
proven by modern metallurgy. A total of 1,485 individual parts are required 
for the gun carriage. 

During this period, many design changes were proposed, and approved 
by the United States ordnance department. Important design changes which 
are saving millions of dollars in machine tools and in man hours of labor 
are the employment of welded construction, the use of a single ball thrust 
bearing instead of a double constructed ball thrust bearing for the traversing 
gear, the elimination of thrust bearings in the elevating gears, the use of anti¬ 
friction bearings made from powdered and sintered metals instead of solid 
bronzes, a tubular welded axle construction instead of a forged axle, a change 
in the method of mounting the gun trunnions on the top carriage, the employ¬ 
ment of rubber bumpers instead of a steel spring within the draft connector and 
the use of four wheel electric brakes instead of two wheel hydraulic brakes. Of 
these the most important change was the use of welded instead of riveted 
construction. The ordnance designers had suggested that we investigate the 
possibility of welded construction for the chassis and top carriage. Welded 
designs for these parts were developed by Firestone, assisted by sub-contractor 
engineers, and the use of welding extended to include many other compo- 



Fig * 2. Another view of the assembly floor showing a number of carriages awaiting 
assembly of the top carriage and elevating and traversing mechanisms. Completed guns 

are shown in the background. 
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Fig. 3. A 40 millimeter Ml anti-aircraft gun in traveling position. 


4. A 40 millimeter Ml anti-aircraft gun in firing position. This gun is at a station 
here It is being tested for firing accuracy. 
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subsequently were made, an additional strengthening member at the front 
of the carriage was added, and the draft connector was made longer and 
heavier. This redesigned and improved carriage is now able to travel at the 
highest speed of which the prime mover is capable, and, within one minute, 
be placed in firing position with complete assurance that firing accuracy has 
not been impaired. This required firing accuracy is dependent as much upon 
the strength and precision built into the carriage as into the manufacture of 
the breech and the tube, because the elevating and traversing mechanisms 
form part of the carriage, and these must be manufactured to extremely close 
dimensional tolerances. Any lack of gun carriage rigidity during travel or 
during actual firing would be translated to these mechanisms, causing oven 
stressing with consequent distortion. This carriage is, then, not only a means 
of conveyance for the gun, but an integral part of the operation of the gun 
itself. 



8. Line drawings indicating the general features of the riveted construction employed 
on the English carriage chassis. 































Cost figures for the Bofors gun or for the English modification were 
not available. Because of different wage standards, such cost figures would 
have been of little value even if available. During the redesign period, _ de¬ 
tailed estimates of the expected costs of riveted and welded constructions 
were developed. These estimates indicated that a welded construction would 
save considerable money and labor, and the employment of welding jigs and 
fixtures made the welded construction more advantageous for quantity pro- 
duction, with a minimum of delay. The design of carriage details is not static 
and in a minor way is changing from day to day, simplifications being intro 
duced which result in increased production at less cost. Whatever the de¬ 
sign chan ge may be, it is necessary that each important part of sub-assembly 
be made interchangeable with foreign models and with carriages produced 
during other stages of our manufacture. This is such an important con¬ 
sideration that many desired changes must be sacrificed. 

Organization—In order to accelerate production on this contract, a 
separate group of buildings and a personnel distinct from that of the parent 
company were established. Executive, designing, purchasing, planning, 
materials, me tall urgical, machining, assembling, and accounting departments 
were formed. Close cooperation between each department was essential 
and each was placed as close to the other as space limitations permitted. 

In view of the magnitude of the undertaking, the comparatively short 
t-i'mp available in which to get this new undertaking into production, and 
the desire to make use of the facilities of companies adversely affected by 
the war industries program, a large number of firms were engaged to supply 
many of the sub-assemblies. Companies capable of producing certain of the 
sub-assemblies were asked to quote on a firm price basis. The capacity of 
each sub-contractor to produce parts is closely weighed in terms of the 
number required to insure a constant flow so that continued assembly is not 



Fig. 10. A close-up view of the redesigned chassis in which welded construction has 
been employed. This figure should be compared with Fig. 7. 
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Fig. 11. Lin© drawings indicating the simplification that has resulted from the employ¬ 
ment of welded construction on the main Body of the ch ass is. 


interrupted. Since initial contracts for some of the sub-assemblies were 
placed, it has been necessary, because of production requirements, to let other 
contracts for the same parts, and today as many as four different firms are 
fabricating the same sub-assembly. In view of this, actual costs of fabrication 
necessarily vary from plant to plant. Another factor complicating the estab¬ 
lishment of exact cost figures is the continually accelerating program arising 
from the national emergency. At the time when the first contract was signed, 
it was decided to establish production on a conservatively low basis. Since 
that time, the requirements for our company have steadily increased and now 
exceed by many times the original number. 

Although the resources of a large number of sub-contractors are being 
used, all drawings and material specifications and fabrication directions 
emanate from the prime contractor and for this reason all methods employed 
are essentially the same for identical parts. Facilities for the manufacture 
of this piece of ordnance materiel are being tremendously expanded within 
our organisation, but the requirements of the War Department for this 
effective piece of equipment have increased to such an extent that two addi¬ 
tional prime contracts have been placed. Designs and drawings developed 
at Firestone are being used by these other two prime contractors. 

To indicate the present magnitude of the production schedule, there is 
shown in Fig. 1 a view of a section of the assembly floor which contains a 
large number of carriages complete and ready for the mounting of the 
breech, gun barrel or tube, and automatic control equipment. In Fig. 2 is 
shown another section of the assembly floor which contains a number of 
carriages in process of assembly and in the far background a number of 
completed units, ready for shipment. Fig. 3 shows a view of a completed gun 
as it is positioned during travel. In Fig. 4 the gun is shown in firing position 
with the wheels retracted and the entire gun carriage supported and leveled 
by the four jacks. A close-up view of a gun carriage ready for installation of 
the breech, tube and automatic control instruments is presented in Fig. 5. 

Welded vs, Riveted Construction—The entire frame structures of the 
original Bofors gun and of the English adaptation of it were riveted. This 
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included as major items tJtie cnassis, me tup carriage, and the elevating gear 
segment. Over 1,000 rivets were required to complete these assemblies. 

This discussion is devoted to the advantages of welded design in compari- 
son with the riveted construction employed by foreign manufacturers. In 
view of the necessity for obtaining greater strength for better roadability, the 

*— -is, therefore, necessarily heavier than tire English or 

In order to obtain a comparable p^tnrp of the weight 
as a result of the employment of 
the data as presented will show the 


___ were : same as 

in the American model. 

The Carriage Chassis—At present, three subcontractors arc engaged in 
the manufacture of the chassis. Each contractor for each welded sub-assembly 
is required to train welders so that they may be able to qualify in accordance 
with the requirements of Federal Specifications WXS-31, “Welding of Steel, 
Arc, General Specifications For", and AXS-476, “Radiographic Inspection 
of Welds". To qualify for welding, each welder is required to make butt and 
fillet type test plates. If the surface appearance is judged satisfactory, these 
test plates are then X-rayed in accordance with government specification re* 
quirements and, if acceptable, the test plates are then stress relieved in a 
manner identical with the method employed in the treatment of the sub¬ 
assemblies on which the welder is expected to work. Three tensile test 
and three bend test specimens are then machined from the stress relieved 
plates and tested to determine if the weld metal satisfies the specification 
s for the materials being joined. These tests are conducted under 
the supe ion of government inspectors of the Ordnance District in whose 
territory : welder is to work. At least one month of actual welding under 
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the direction of a competent supervisor is required to train an inexperienced 
welder so that he is able to meet government specifications. 

As indicated in Figs. 6 and 10, this chassis is of the box-girder type, having 
two outriggers. The steel used in the chassis construction is of the low alloy 
high strength type, supplied under Federal Specification 57-114-1, Class B, 
Grade 2. This specification limits the chemical analysis to a maximum carbon 
content of 0.25 percent, leaving additions of other elements unrestricted. It 
imposes a physical property limitation of 50,000-pounds per square inch 
minimum yield strength, 95,000-pounds per square inch maximum tensile 
strength and 20 percent in two inches minimum elongation. The material 
actually used conforms to the following approximate chemical composition: 

Carbon .10—.20 percent Zirconium .10—.20 percent 

Manganese .50—.70 percent Sulphur .04 percent max. 

Silicon .60-.90 percent Phosphorus .04 percent max. 

Chromium .50-.65 percent 

The plates forming the box sections are % 6 -inch in thickness and the 
plates forming the tub or central section are V^-inch and % 6 -inch in thick¬ 
ness. All of the sub-assemblies are positioned for welding, the fixtures re¬ 
quired usually being manufactured in the plants of the sub-contractors. Plain 
carbon steel, covered electrodes, %o-inch in diameter are used. Experiments 
had indicated that the use of an alloy electrode was not required to obtain 
strength equal or superior to the strength requirements for the rolled, forged 
or cast sections being joined. No special preparation of the joints is necessary 
and a low carbon steel backing-up strip is employed. 66-pounds of 
diameter electrodes are required for the complete welding of the 
chassis. In Table 1 arc shown typical physical properties secured on experi¬ 
mental test plates, which had been stress relieved at a temperature of 1150- 
degrees F. Included in this table is a typical weld metal chemical analysis 
as obtained from single bead welds made on % 6 -inch thick butt welds. 

Table 1—Physical and Chemical Property Values—Experimental Plain 
Carbon Steel Welds on Low Alloy, High Strength Steel 


Yield Strength 
Lbs. per Sq. In. 

Tensile Strength 
Lbs. per Sq. In. 

Elongation % 
Free Bend Test 

Average Chemical 

Analysis 

60,960 

84,020 

38.0 

Carbon 0.15 percent 

59,590 

79,540 

56.0 


55.580 

78,900 

42.0 

Manganese 0.53 percent 

58,160 

77,790 

46.0 


59,910 

76,930 

44.2 

Silicon 0.43 percent 

54,440 

80,100 

54.0 

: 

,57,000 

79,030 

45-2 

Chromium 0.31 percent 

57,440 

78,860 

48.0 


53.570 

77,620 

62.0 

Nitrogen 0.015 percent 

59,050 

77,850 

39.5 



Fig. 7 is a photographic view of the riveted construction employed in the 
manufacture of the foreign models. These riveted features are also made 
apparent in the line drawings shown in Figs. 8 and 9. Fig. 10 illustrates the 
corresponding welded construction now being used and in Figs. 11 and 12 
are presented line drawings indicating the locations and general features of 
the welded construction being employed. The welding methods used in 
attaching brackets, stake supports, outrigger locks, and other parts to the 
chassis frame, should be compared with the procedure employed in fasten¬ 
ing corresponding parts on the foreign model. Detail photographic views 
which clearly portray these differences in construction are shown in Figs. 
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Fig. 13. (left). A close-up view of the tub or central section of the riveted carriage sub¬ 
mitted as a model. Note that a slight amount of welding has been used. Fig. 14. (right). 
A close-up view of the drum or central section of the welded chassis. 

13 through 26 inclusive. Figs. 13 and 14 contrast the designs employed in 
fabrication of the drum or central section of the chassis. Figs. 15 and 16 
designs employed in forming the bottom section of the drum or 
The foreign design does not completely cover the bottom of 
ously this would be impossible because of the necessity for 

d that a double plate is rcauired 


or swivel ena or tne roreign muuoi. _____ 

needlessly expensive method of securing the bearing surface for the axle 
tube was used. The redesigned model employs powdered and sintered metal 
antifriction bearings for the axle tube. The redesigned front end is indi¬ 
cated in the photograph, Fig. 19, and in the line drawing of Fig. 20. The 
simplified lines and the increased rigidity made possible by the use of arc 
welding is apparent. 

Rigidity Tests—Exhaustive deflection tests to determine rigidity of the 
chassis in comparison with the imported model were made to check the rede¬ 
sign calculations and the unit strength of the metals and welds in the new 
chassis. One such test will be described: 

Two chassis, one the English riveted model, and the other our welded 



Fig. IS. (left). A bottom view showing the riveted construction employed in malting the 
drum or central section of the foreign model. Fig. 16, (right). A bottom view showing 
the welded construction used in the fabrication of the welded tub. 
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Fig. 17. il close-up view of the riveted design used at the front or swivel end of the 

foreign model. 

chassis, were placed on a level concrete floor in a position as indicated in Fig. 
6. Six dial indicators graduated in thousandths of an inch then were mounted 
on separate supports under the central or tub section and positioned in a 
circle at dOdegree intervals. A 3,OOOpound weight, which was a static 
overload of 75"percent, was placed on top of the central or tub section and 
the deflection noted on each of the six dial indicators. This test was repeated 
several times with the following average results. 

Riveted Chassis—0.079'inch deflection 
Welded Chassis—0.05 lunch deflection 
The difference of 0.02S"inch in favor of the welded chassis corresponds to 
.028/.051 x 100 equals 55"percent greater strength for the welded chassis. 
Both chassis returned to their original positions when the loads were removed, 
indicating that the stress was completely elastic and that the load was not 
sufficient to produce plastic or permanent deformation. Other similar deflec" 
tion tests on the front, rear, left and right ends gave corresponding results, 
all of which were later confirmed by road tests at the Aberdeen proving 
grounds. 

The weight of the riveted chassis is 824"pounds and the weight of our 
welded chassis without the steering support is 1,071 "pounds. The weight 
difference of 247'pounds combined with the welded design has produced 
this 5 5 "percent strength increase. The increase in strength resulting from 
the use of welded construction is therefore 25"percent, calculated as follows: 
1,071 — 824 = 247"pounds additional weight. 

247 

—— =30% additional strength resulting from increase in amount of metal 
used. 

% -— 30% = 25% additional strength resulting from the welded design. 
This additional strength is due to the fact that the welded chassis functions 
as an integral unit under stress. The nose piece, shown in Figs. 19 and 20, 
adds greatly to the strength of the front end of the carriage as it forms a 
rigid support for the steering mechanism. This addition, which greatly iim 
proves the road performance of the American redesigned model, is not 
present on the foreign model. 
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Material Used—In order to insure weldability of all brackets, supports 
and locks which are attached to the chassis, the chemical analysis of each part 
was closely controlled and the specifications for physical properties were 
established with these chemical limitations in mind. In Table 2 A are shown 
the physical property requirements for the chassis parts and in Table 2B, the 
chemical analyses of the materials used. 


Table 2A—Physical Properties of Parts Used in the Chassis 



Material. 

Yield 

Strength 

Tensile 

Strength 

Elongation 

Reduction 

Part Name 

Lbs. per 
Sq. In. 

Lbs. per 
Sq. In. 

in 2 In. 
Percent. 

of Area 
Percent. 

Spline Shaft. 

WD 1035 

65,000 

81,000 

16 


Eccentric Sleeve. 

WD X4130 

75,000 

100,000 

20 


Plate Top. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Jack Tube. 

WD 1020 

53,000 

64,000 

23 


Backing Strip. 

WD X1020 

40,000 

60,000 

20 

40 

Jack Tube Plate. 

WD X1020 

40,000 

60,000 

20 

40 

Rib Support___ 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Side Plates. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Stake Brkt. Guide. 

Steel Casting 

53,000 

85,000 

22 

35 

Eccentric Boss. 

WD X1020 

40,000 

60,000 

20 

40 

End Plate... 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Eccentric Bracket.. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Bottom Plate..... 

Low Alloy 

50,000 

95,000 

20 



High Str. Stl. 





Cap Reinforcing Block. 

WD 1035 

40,000 

70,000 

20 

40 

Stake Tip. 

WD 1035 

40,000 

70,000 

20 

40 


Table 2B—Chemical Analyses of Materials Used for Parts of Chassis 


Material 

C. 

! 

Mn. 

P. Max. 

S. Max. 

Or. 

Other 

Elements 

WD 1035. 

.30-. 40 

.60- .90 

.045 

.040 

.055 

.050 



WD X4130. 

Low Alloy, High 

-25-35 

.40- .60 

.80-1.10 

Mo. .15-25°” 
Si .60-90 

Strength Steel. 

WD 1020. 

.10-.20 

.15-25 

.50- .70 
.30- .60 

.040 

.045 

.045 

.050 

.040 

.055 

.055 

.065 

.50- .65 

Zr. .10--.20 

WD X1020. 

.15-25 

.70-1.00 



Steel Casting. 

.30 max. 

1.10 max. 


Mo. .40-65 
Si. .55 max. 


All of the welds shown in the illustrations and drawings are single bead, 
plain carbon steel, covered electrode, metallic arc deposits. For the frame 
proper, a low carbon steel backing-up strip is employed with little scarfing or 
other preparation of the welded joint required. Pickup of alloying elements 
from the alloy plate during welding assures weld metal physical properties 
comparable with the values characteristic of the plate material. Check tests 
give results similar to those shown in Table 1. 

Cost Data —Comparable total labor costs for riveted and for welded con¬ 
structions were developed for the chassis. The estimates indicated that 282 
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Fig. 19. The front or swivel end of the welded chassis. Note the simplified and weight- 
saving feature shown lor the bearing support. Note also the additional nose piece which 
greatly adds to front and strength and makes possible travel over much rougher roads. 
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Fig. 20. Lin© drawing indicating the general features of the welded swivel or front and 
sub-assembly. In addition to increased strength, the appearance is much improved. 

man hours of labor would be required for riveted construction and only 218 
man hours of labor for welded construction. A charge of $.004 per pound of 
metal for stress relieving was applied against the welded construction total 
labor charge. In these preliminary estimates, assumption was made that 
the material costs would be about the same and no effort to develop relative 
costs in terms of material differences was made. Based on an hourly rate of 
$1.20, this preliminary estimate indicated that a saving of $76.80 per chassis 
could be effected if welded construction were adopted. Actual costs of welded 
construction reported during May, 1942, are as shown in Table 3 in comparb 
son with the estimated welding costs. 

Table 3 


Material_____ 

Labor Involved in Welding.. 

Total Labor._ 

Stress Relieving Cost._ 

Total Cost_ 

(This does not include overhead or any profit)'" 


Estimated Cost 


$ 68.40 
261.60 
4.34 
433.25 


Actual Costs 

$ 267 , 3 ! 

■ 74 . 80 * 
238.20 
3,91 
409.42 


*The actual welding time exceeded the estimate because of repairs 
necessary by critical ordnance inspection. 












SECTION IX—MACHINERY 


Fig. 21, (left). A view of a portion of on© of the outriggers at the location of the swivel. 
This swivel is used so that the outrigger may be folded into the main body of the chassis 
during travel. Note m this view that the handle lock is riveted on as is the stake bracket. 
Fig. 22. (right). A view of the welded construction used for the American made outrigger. 

Note that the handle lock and stake bracket are also welded. 

I op Carriage After the advantages of the welded construction applied 
to the chassis had been developed, a study applied to the top carriage indi- 
cated that a welded design would be both cheaper and stronger. The rede- 
signed top carriage weighs 300-pounds in comparison with a weight of 264- 
pounds lor the foreign model of riveted construction and a calculated weight 
of j 17-pounds il riveted and of equivalent thickness. This top carriage is 
made by attaching the uprights to the turntable which is fabricated bv the 
employment of pressed and formed parts welded together. These parts are 
formed from the same quality steel used in the plate construction of the 
chassis. The high strength, low alloy steel plates forming the upright box 
section aie punched, placed in welding jigs, and edge and slot welded to¬ 
gether. In Fig. 27 is shown a photograph and in Fig. 29 a line drawing indi¬ 
cating the general design features employed in the fabrication of the foreign 
model top carriage. Comparable views for the weldment are presented in 
Figs. 28 and 30. Close-up views of the two different types of top carriages 
are shown in Figs. 31 and 32. The different angle of mounting and the 
different bearing construction employed for the breech connection are ap¬ 
parent as are the slot type welds used in joining the side plates to the 
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Fig. 23, (left). A view of the rear end of the riveted chassis. Note that the stake guides, 
the hearing supports and other parts are attached by riveting. Fig. 24, (right). A view 
of the rear end of the welded chassis. The bearings are of the pdwdered metal anti¬ 
friction type, which have recently gained favor in this country. 
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internal stiffeners. The physical properties and chemical analyses of the 
steels used in the fabrication of the top carriage are presented in Tables 
4A and 4B. 


Table 4A—Physical Properties of Parts Used in the Top Carriage 




Yield 

Tensile 

Elongation 
in 2 In. 

Reduction 
of Area 

Part Name 

Material 

Strength 
Lbs. per 

Strength 
Lbs. per 



Sq. In. 

Sq. In. 

Percent. 

Percent. 

Turntable.. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Side Plates.. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Base Bearing... 

WD 1020 

40,000 

60,000 

20 

40 

Brackets. 

WD 1020 

40,000 

60,000 

20 

40 

Spacers. 

WD 1020 

40,000 

60.000 

20 

40 

Bearing. 

WD 1020 

40,000 

60,000 

20 

40 

Boss. 

WD 1020 

40,000 

60,000 

20 

40 

Clip. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Bushing.. 

WD 1035 

65,000 

81,000 

16 


Spacers... 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Body Tube.. 

Low Alloy 
High Str. Stl. 

50,000 

95,000 

20 


Stop. 

WD 1020 

40,000 

60,000 

20 

40 


Table 4B— Chemical Analyses of Materials Used for Parts of the Top 

Carriage 


Material 


Mn. 

P. Max. 

1 S. Max. 

Or. 

Low Alloy, High 

Strength Steel. 

.. .10-20 

.50-70 

.040 

.040 

.50 .65 

WD 1020.. 

.. .15-25 

.30-60 

.045 

.055 


WD 1035-.... 

.. .30-40 

.60-90 

,045 

.055 



The preliminary estimated cost comparison for the riveted top carriage 
and actual costs for the welded one are shown in Table 5 . A detail of the 
estimated cost of riveting in comparison with the actual cost of welding is 
given in Table 6. The information given in this table typifies the procedure 
followed in the studying of all the weld redesigned parts. 


Table 5—Material and Labor Costs for Fabrication of Top Carriage 


Part Name 


Turntable. 

Side Frame Parts. 

Side Frame Parts. 

Side Frame Assembly. 

Side Frame. 

Top Carriage Assembly.... 
Top Carriage Machining.... 
Body Tube Assembly. 


Riveted Construction 
Estimated Costs 


Material 

Labor 

Total 

$55.00 

$6.94 

.$61.94 

9.98 

8.72 

18.70 

9,97 

8.76 

19.14 

.39 

3.34 

3.73 

.39 

3-34 

3.73 

.64 

1.44 

2.08 

.38 

14.94 

15.32 

2.12 

3.48 

5.60 



$129.83 | 


Welded (Construe turn 
Actual Costs 


Material 

Lab if 

Total 

$47.00 

$6.94 

$53-94 

10.20 

6.45 

16.65 

10.19 

6.49 

16,68 

.22 

3.53 

3.75 

.22 

3.53 

3.75 

.45 

6.39 

6.84 

.38 

14.94 

15.32 

2.12 

! 3.48 

5.60 



$122.53 


Totals. 
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Figr. 25, (left), A view of the extreme end of one of the outriggers of the riveted model. 
Fig. 28, (right). A view of one of the outriggers of the welded chassis. 

Table 6—Detail of Costs on Top Carriage—Riveted vs. Welded Construction 


Part Description 


Turntahle, cast or forged base. Welded base... 

Side Frame Parts.. 

B requires 7 drilled holes for rivets. 

Side Plate — 2 required . 

B requires 43 more holes than D hut no 
additional piercing charge is warranted. 

Spacer.... —. .... 

Additional flange required for A to permit 
riveting. B is greater than D as 44 rivet 
holes must be pierced. 

Bearing Base... . ........ .. 

B requites four pierced holes for riveting. 

Bracket... ...... 

B requires one added hole drilled. 

Mounting Bracket.. 

B requires one added hole drilled. 

Bushing...,... .... 

Spacer... . 

Additional flange required for A to permit 
riveting. B requires 24 holes for riveting. 

Spacer....... 

Additional flange required for A to permit 
riveting. B requires 22 holes for riveting. 

Spacer — 8 required..... 

Riveting requires 68 tubular spacers. 

Totals.................. 


Riveted Construction 
Estimated Costs 

! Welded Construction 
Actual Costs 

Material 

A 

Labor 

B 

Material 

C 

Labor 

D 

$53.00 

$6.94 

$47.00 

$6.94 

.46 

.76 

.46 

.62 

4.28 

3-20 

4.28 

3-20 

.40 

.30 

.27 

.08 

2.32 

.68 

2.32 

.60 

3.23 

• 53 

1.24 

.51 

.16 

.38 

3.16 

.36 

.37 

.28 

.37 

.28 

.14 

.28 

.07 

.16 

.14 

.27 

.07 

.16 

.68 

2.04 

.16 

.48 

$64.98 

$15.66 

$57.20 

$! 3.39 
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Table 6 (Cont’d)—Detail of Costs on Top Carriage—-Riveted vs. 
Welded Construction 


Part Description 

Riveted Construction 
Estimated Costs 

Welded Construction 
Actual Costs 

Material 

A 

Labor 

B 

Material 

C 

Labor 

I D 

Side Frame Parts ..... 

$ 9.98 

$ 8.72 

$10.20 

$ 6.43 

Same as above plus parts listed below: 





Boss . 

.01 

.06 

.01 

.06 

Bearing.-. 

.09 

.08 

.09 

.08 

Clip — 2 required. 

.04 

.16 

.04 

.16 

Plate. 

.01 

.12 

.01 

.12 

Less Bracket. 

' —.16 

-.38 

-.16 

-.38 

Totals. 

$ 9.97 

$ 8.76 

$10.19 

$ 6.49 

Side Frame Assembly: 





1. Weld complete (2lbs.). 

$ .39 

$ 2.72 

$ .22 

$ 2.91 






2 Other identical operations . 


.62 

| 

.62 

Totals...-. 

$ .39 

$ 3.34 

$ T ■> ! 

* j 

S 3.53 

Side Frame Assembly: 



1 


1. Weld complete (2J^ lbs.).... 

. $ .39 

$ 2.72 

« *v» | 

$ 2.91 

Rivet complete (68 rivets). 










2. Other identical operations. 


.62 


.62 

Totals. 

5 .39 

$ 3-34 

$ .22 

$ 3.53 

Top Carriage Assembly: 





1. Weld complete (5 lbs.). 

$ .64 

$ 1.28 

$ .45 

$ 4.29 

Bolt complete (32)._ 





2. Check in fixture.. 


.16 


. 1 ft 

3. Stress relieve 





(300 lbs. at $0,004 per lb.).. 




1.20 

4. Check in fixture. 




. 14 

5. Dress welds. 




. 60 

Totals. 

$ .64 

$ 1.44 

$ .45 

$ 6.39 

Machining Assembly. 

CO 

eO 

00 

$14.94 

$ .38 

$14.94 

Body Tube Assembly. 

$ 2.12 

$ 3.48 

$ 2.12 

$ 3.48 

Totals.... 

$129.83 1 

$122 

.53 


(This does not include overhead or any profit.) 


Elevating Arc —The elevating arc is mounted at the bottom of the 
breech and engages a gear arrangement attached to the top carriage which 
permits the gun to elevate through an arc of minus 5-degrees to plus 90- 
degrees. Photographic and line drawing views of the riveted construction 
employed on the foreign models are presented in Figs. 33 and 35 and should 
be compared with that used in the welded design illustrated in Figs. 34 and 36. 
The physical properties and chemical analyses of the steel parts used in the 
welded construction are shown in Tables 7A and 7B. 







































Fig. 27. (left). A view of the foreign model top carriage which employed riveted and 
bolted construction. The base plate or turntable was made as a forging. Fig. 28. 
(right). The redesigned top carriage. Greater strength and neater appearance at re¬ 
duced cost has been obtained. 



Fig. 29, (left). A line drawing indicating the general features of construction of the 
riveted top carriage. Fig. 30. (right). A line drawing indicating the general features of the 
construction of the welded top carriage. 
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of Parts Used in Elevating Gear 


Table 7 A- 


Part blame 


Gear Segment.. 

Stop__ 

Side Plates_ 

Spacers... 

Shim. 


-Physical Properties 


Material 


WD 1035 
WD X4130 
WD X4130 
Low Alloy 
High Str. Sti. 
WD 1020 
WD 1020 


Yield 

Tensile 

Strength 

Strength 

Lbs. per 

Lbs. per 

Sq. In. 

Sq. In. 

55,000 

70.000 

75,000 

100.000 

75,000 

100,000 

50,000 

95,000 

40,000 

60,000 

40,000 

60.000 


longation 

Reduction 

in 2 In. 

of Area 

Percent. 

Percent. 

20 

40 

20 

40 

20 

' 40 

20 

40 

20 

40 

20 

40 


Table 7B—Chemical Analyses of Parts Used in Elevating Gear 


Material 

C. 

Mn. 

P. Max. 

S. Max. | 

.055 

.050 

.0 0 
.055 

„ Other 

^ ' r ‘ Klements 

WD 1035 __ 

WD X^-AO 

Low Alloy, High 

Strength Steel. 

WD 1020__ 

.30-40 

.25-35 

.10-. 20 
.15-25 

.60-90 

.40-60 

.50-70 

.30-60 

.045 

.040 

.040 

.045 

.80 MO 

Si. .60 .90 
.50 .65 Zr. .10 .20 


In order to eliminate cracking and to minimise distortion as a result ol 
welding, all welds are staggered during deposition. This precaution has been 
necessary particularly in view of the use of heat treated WT> X41 O) steel tor 
the gear itself. The gear sector is stress relieved at 1 UCHlegrees Fa hr. after 
welding and then it is machined. The same steel thickness was used in both 
the riveted and the welded sectors and this part offers a direct comparison as 
to the weight advantage of welding where additional strength is not required. 
The riveted construction because of the presence of rivets weighs 42-pounds 
or 3 V 2 'P°unds mor e than the welded sector. Such a weight advantage would 
have been common to most of the weldments in comparison with the riveted 
construction, had the same steel thicknesses been maintained. Preliminary 
estimates had shown a welding cost of $2.11 each for the welded gear sector 
in comparison with a cost of $2.96 for the assembly of the riveted construc¬ 
tion. This amount included cost of stress relieving the weldment, which cost 



Fig. 31 and Fig. 32. Close-up views contrasting the two designs employed in fabricating 

the top carriage. 
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Fig. 33 and Fig. 34. Illustrations contrasting the riveted and welded designs used for 

the elevating arc sector. 

is not involved where riveting is used. The aetual welding cost for the gear 
sector as of May 1, 1942, is $1.61 each, the lowered cost being due to more 
efficient handling and more rapid welding than had been estimated as possible. 

1 he Front and Rear Axles—The axles of the foreign models had been 
forged by upsetting the ends of solid steel bars and then they were machined 
as indicated in lugs. 37 and 38. Such a method of fabrication is relatively 
very expensive, needlessly wasteful of material and a slow production method. 
The axles used on the. redesigned carriage were fabricated employing WD 
1035 tubing, cold drawn and finish annealed to which were welded cast 
steel heads. These steel castings are purchased in accordance with Federal 
Specification QQ-S-681, Class 4, which requires a yield strength of 5 3,000- 
pounds per square inch minimum, 85,000-pounds per square inch tensile 
strength, 22-percent elongation, and 35-percent reduction of area. The 
chemical analysts of the cast heads is as follows: 

Carbon .30 maximum 

Manganese 1.10 maximum 

Sulphur .065 maximum 

Phosphorus .05 maximum 

Silicon .5 5 maximum 

Molybdenum .40 — .65 
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The weld joints are prepared by machining before welding. The axles are 
positioned for welding and welding is accomplished using J/ 4 -ineh covered 
electrode, carbon-molybdenum steel rods. Estimates indicated that material 
and labor costs of an axle as made in the foreign manner would be $ 110 as 
contrasted to an amount of $42.08 for the tube and welded construction. This 
item is subcontracted and no actual cost data is available to compare with 
the estimate, but the placing of an additional contract at a price lower than 
the original indicates that this estimated cost is not being exceeded. Close-up 
views of the forged and of the welded constructions are shown in Figs. and 
40. 

Other' Parts—Many other small parts used on the gun carriage were 
redesigned for welded construction. Two such parts are presented in Figs. 
41 through 44 . Fig 41 illustrates the construction employed in the manu¬ 
facture of' the foreign made stakes. These stakes are used to fasten the gun 
carriage securely in firing position. A saving of $1.08 per stake has been 
realized on this small item. The foot plates illustrated in Figs. 43 and 44 are 
another example of the completeness of the redesign for welded construction. 
The plates are attached to the four jack screws which arc used to support 
and level the gun carriage while in firing position. A cost advantage of 
$.15 per plate in favor of the welded construction has been realized. 

Another small part redesigned to take full advantage of welding is the 



Fig. 35 and Fig. 36. Line drawings indicating the general features of construction for 
the riveted and welded elevating gear sectors. 
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Fig. 37 and Fig. 38. A view typical of the front and rear axles made abroad. A solid 
bar was upset and forged at the ends and then center bored. This is obviously a very 
expensive method of construction. 


Table 8—Weight Comparisons 


Fart Name j 

American 
Welded Model 

English 

Riveted Model 

, Calculated 

Riveted Model 

Chassis... ... ...... 

1,084 

824 

1,155 

Top Carriage.. ... .. 

300 

264 

. 317 

Gear Sector.. 

38.5 

42 

42 

Front Axle................................. ....... 

114 

97* 

111 

Rear Axle............................ 

114 

84* 

108 

Stake (4)..... 

21,5 

18 

22 

Foot Plate (4)......................... ....... 

9.5 

7-5 

10.0 

Gun Stay................. 

60.5 

58.5 

62.0 


*As previously explained, these parts are not riveted but forged.. 
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gun stay or support which holds the gun tube in a rigid position during travel. 
This gun stay is discernible in the illustration^ of Figs. 3 and v Welding is 
also employed in the fabrication of the equilibrator tubes, the draw bar and 
the carriage platform. The English model also used welding in the fabrica¬ 
tion of these parts and no comparison will be drawn. 

Summary of Sub-Assembly "Weights and Cost Savings- In Table 8 is 
shown a summary of the weights for the important redesigned welded sub¬ 
assemblies, the comparable weight for the English model and the calculated 
weight of a riveted design having the same metal thicknesses as are present 
in the welded carriage. 

In view of the nature of many of the sub-contracts, it is not possible to 
show in a definite way the money savings that have resulted from the cm 
ployment of welded construction. From the information now at hand, the 
indicated saving is approximately $160 per gun carriage. This saving appears 
large until it is realised that the cost of materials, and the cost <>{ the close 



Fl ?' 39 * r and Figr * 40 * closeu P views o t one end of the forged and of the tubular welded 
- e S * . particuIar advantages of the welded construction include much lower cost and 

simplification of construction. The design change has made possible a large Increase 

in axle production. 
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machine work inquired on so many parts which are in no way iniluen ced by 
the welded design, makes the actual saving rather small in terms of the total 
cost of the gun carriage. 

Closure—In times as momentous as these, cost in itself cannot be a 
deciding factor in the determination of a particular ordnance design. Speed 
or production and efficiency and reliability during Held operation are of 
greater importance. Several design changes were incorporated in the 40 
millimeter gun carriage in order to facilitate production and to improve 
operation. In achieving these results, the most important change was the 
conversion from a riveted to a welded construction. 

Fundamentally, cost is the sum total of the number of man hours of 



(Left to right): Fig. 41, (left). Riveted construction employed on the foreign made stcckes 
and the welded construction,, (Fig. 42, right), used on the American made stakes. Figs. 
43 and 44. Views illustrating the extent to which the redesign for welded construction 
has carried. The top view (Fig. 43) is of the foreign made riveted foot plate and the 
bottom view, (Fig. 44), the American made welded foot plate. 
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labor required to produce a completed unit or number of unit?. A decrease 
in cost may be translated to mean an increase in production oi units with a 
given amount of labor. The adoption of the welded design produced an ap¬ 
preciable saving in the final cost of the gun carriages and, therefore, more 
carriages are now being made within a given period of time. 

This mobile carriage is equally well adapted to defensive and to otu 
operations. Who knows but that these additional units made ava 
through the ingenuity of designers and engineers, unwilling to fi.wishly 
follow a pattern that had been considered good enough by others, will not 
some day prove to be the deciding factor in achieving victory. Our present 
huge armament program undoubtedly offers many other examples <*! Amen- 
iveness directed to this same end 

“For the want of a nail the shoe was lost. 

For the want of a shoe the horse was lost. 

For the want-- - *■.- -- A 

Poor Richard, Benjamin Franklin. 



Chapter XL—Improved Synthetic Cleaning Machines 


By Ernest Davis, 

Chief Engineer, The Prosperity Company, Inc., Syracuse, ?^ew T or\ 

Subject Matter: By using arc welding procedures, major changes 
in design, factory cost, weight of machine, and efficiency of 
operation were possible in a dry cleaning device. An older 
model, made largely from cast iron, had a shipping weight of 
8,80Opounds. The new arc welded model weighed only 2,780' 
pounds. This reduction in weight, combined with less machining 
cost, allowed a much greater spread between factory cost and 
selling price. The new machine was also more efficient. About 
50% more garments could be cleaned per hour while the solvent 
cost was reduced at the same time from 2|4 < /' P er pound to Yi$ 
per pound. Owing to compact construction in one unit, there 
is less vibration and the cost of installation is considerably less. 
The author estimates that the saving in solvent cost alone for 
the entire cleaning industry would be $10,000,000 per year, 
assuming that all machines in use in the industry could be 
replaced by a machine as efficient as the one herein described. 

Dry cleaning machines, using chlorinated hydrocarbons such as trh 
chlorethylene and perchlorethylene as the cleaning fluid, are classified generally 
as open or closed types. The main difference in the two being that in the 
open machine the process of cleaning is carried on, fully open to the 
atmosphere immediately surrounding the machine; whereas, in the closed 
machine, the process of cleaning, which includes washing, centrifugal extract' 
mg, drying and recovery of the solvent, is accomplished within a closed and 
scaled compartment; and in an atmospherp entirely independent from that 
immediately surrounding the machine. 

The two machines treated in this paper are the fully enclosed type. The 
2'B machine consisted generally of the following units: 

A. A combination washer and centrifugal extractor described hereafter 
as the hydro'wheel consisted of a heavy shell or container for the cleaning 
fluid, and a horizontally disposed, revolving and perforated clothes con' 
tainer mounted within the shell. The clothes container, or cylinder, was 
arranged to be driven at approximately 34 revolutions per minute for 
tumbling the clothes, while washing, and during the subsequent drying 
operation. After the washing operation the cylinder was revolved at a speed 
of approximately 500 revolutions per minute for centrifugal extraction, and 
after extraction the cylinder was again operated at slow speed during the 
drying operation. 

B, A separate drying and recovery unit was provided and connected to 
the hydro'wheel by pipes and flanges, The recovery unit consisted of a 
centrifugal fan, heater coils, condenser coils, and a heavy cast iron container 
for these units. Also included in this recovery unit was a water separator, 
lint trap or air filter. 

C A storage tank of approximately 50 gallons capacity, with heavy cast 
iron supports for the storage tank and a gravity separator. 
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D. Distillation apparatus consisting of still, steam heated, still condenser 
unit, piping, steam traps, etc. 

E. A record-type cycle control timer, trade name "TormatrolT This 
unit completely and automatically controls the entire cycle oi cleaning. 

While the still unit as well as the storage tank on the old unit was electri¬ 
cally arc welded, the hydro-wheel was mostly constructed oi cast iron. There 
was provided, for this hydro-wheel, a very heavy cast iron base. 1 his very 
heavy base was deemed necessary because the hydro-wheel was to serve 
both as a washer and a centrifugal extractor. The inclosure lor the recovery 
unit was made entirely of cast iron, and consisted of one main casting and 
two end castings. The three castings weighing approximately 600 pounds. 
As a point of interest in connection with this paper, it will he shown lurther 
on, how less than 100-pounds of material in the new machine, and much less 
labor served to replace this 600-pounds of cast iron in the recovery unit. 

For purposes of comparison, this paper will deal mostly with those units 
or combination of assemblies in which fabricated and arc welded construc¬ 
tion replace cast iron or other methods of construction. 

The following description, drawings, cuts, etc., will serve to bring 
out as clearly as possible how, by combining several units into one assembly of 
arc welded, fabricated plate steel construction, the following results were 
obtained: 

1. Provide a greater spread between factory cost and selling price. 

2. -More salable because of better appearance, greater compactness, greater 

capacity. 

2. Much higher efficiency in operation, particularly in regard to solvent 
cost. 

4 . Less health hazard because of reduction in the number of separate unit< 
comprising the complete unit, and therefore reduction id’ the number 
of gasketed joints, and possibility for leakage. Also sludge drying 
apparatus. 

5. Less pattern cost and overhead. 

6. Less vibration, smoother operation. 

7. Much less shipping weight and floor weight. 

S. More reliable operation, more rigid construction because of lesser 
number of separate units, and because of welded construction, elimi¬ 
nating numerous bolts and holding devices. 

9. Less cost of installation. 

This paper shall point out, and give reasons for these nine points oi im¬ 
provement. Of course it will be understood that some of the improvements 
are not due entirely to the method of fabrication, hut rather to improvement 
in design; nevertheless, it may be clearly shown that welded steel construe 
tion played a very important part in the total results. 

As stated in preceding pages, the old machine consisted of live principal 
units. A, B, C, D, and E. Now, s the new machine consists generally of an 
equal number of necessary units. For example, washer, extractor, air filter, 
condenser, and heaters, a blower for the recovering of solvent, a storage 
tank for solvent, and of course, a Formatrol, as well as many control valves, 
dampers, traps, etc. But the basis for this paper and the principal proof 
for the nine points of superiority lie mostly in the fact that in the new 
6-A machine all of the flve principal units comprising the machine are 
incorporated in one single steel fabricated arc welded cabinet. This one 
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fact accounts for a differential in weight between the old and new' machine 
assembly of units of some 2600-pounds of material. 

Weights are as follows: 


Pounds 


Old Machine Weights: 

Hydro-Wheel . 3310 

Heater 6? Fume Condenser. 600 


Blower . 100 

Air Filter. 40 

Four-Way Valve . 110 


Storage Tank with C.I. Supports.. 230 


4390 

New machine with all the elements 
above, weighs . 1790 


(weighs alone almost double total 
(of new cleaner elements. 

(Note: This recovery unit alone 
(weighs nearly as much as the 
(entire welded steel cleaner cabi¬ 
net for the new machine. 


(This weight is not total, includes 
(only assemblies listed. 

(This includes only assemblies 
(replacing old assemblies, 


Difference or saving. 2600 

Now, let us examine why this is so: 

In the first place, the (v A dry cleaner cabinet, fabricated of plate steel, 
<nc welded into one single piece, and hot dip galvanised, after fabrication, 
weighs only 650-pounds, and this single unit incorporates the following: 

1. Washing Chamber 

2. Filter Chamber 

3. Storage Tank 

4. Condenser Chamber 

T And all of the air ducts for controlling the flow of air to the machine 
during the drying and recovery operation. Sec photographs FDs 
1 and 2. 1 ' ’ * ' 

In this cabinet design, the washer chamber consists of a single piece 
of plate steel, J/ft-mch thick, with one horizontal welded seam and two 
circular welded seams at the two ends, plus an end plate bolted in place 
for removal of the cylinder. But, more than that, this washer container also 
forms the top of the storage tank, the bottom of the filter chamber, the front 
nf the condenser chamber, and at the same time serves as a, very‘rigid stress L 
member to tie the cabinet ends together. | 

The back sheet, Drawing Fig. 3, a single plate of J/fc-inch steel formal 
the hack of the condenser chamber, the back of the storage tank, and pro-" 
vides for openings, door reinforcements, etc., while serving also as a stress 
member. 

Referring to detail sheet, Fig. 4 V , the front and bottom sheet material, 
/g-inch, forms the bottom of the storage tank; also the front of the storage 
tank, and serves as a front apron for the washer compartment. This sheet 
is bent to form a drain for the storage tank. Naturally, this sheet also serves 
as a stress member to tie the end plates together. 

Next we have the detail. Fig. 5, “Frame Top Sheet", forming the top 
of the machine, the top of the air filter chamber, the front of the air filter 
chamber and also support for blower fan and motor assembly. The holes 


Cast Iron @ 4 1 /) (; 
Total—$117.00 ” 
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Fig. 1, (left). Arc welded cleaner cabinet. Fig. 2, (right). Another view of the cleaner 

cabinet. 


for the fan inlet and outlet also openings for air filter door are cut by torch 
in this sheet. This sheet as well serves to tie the cabinet ends together. 

These plates for the two ends of the cabinet, serve not only as end plates 
for the cabinet but support the washer shell while forming the two ends of 
the chamber within the cabinet. 

The steel castings forming the bearing housing and air intakes to the 
\ cylinder are welded into the end plates of the cabinet. 

M Not only the cabinet serves all the purposes previously described, but the 
fchambers described also serve in most cases as air ducts during the drying 
' and recovery operation. Because these chambers form very generous siced 
air ducts, the air horsepower required for drying and recovery is held at a 
minimum. Also, because the heated air circulates always within a single 
cabinet, and because there is much less radiation loss, drying and recovery 
of solvent is carried on much more efficiently in the new 6-A machine. 

As stated previously, the old hydro-wheel was provided with a very 
heavy cast iron base and the wheel in itself was very heavy. Also, the 
recovery unit which was attached to the wheel was of very heavy cast iron 
construction. The theory back of combining this weight was to serve as a 
stabilising mass for the hydro-wheel during the period of high speed extrac¬ 
tion. A very important point in connection with the new 6-A machine is 
that the storage compartment which holds approximately fri-gallons of 
solvent weighing 13 ^-pounds per gallon or a total of 877-pounds is 
located at the bottom of the cabinet, and of course is integral. This seems 
to have a more stabilising influence than all the combined masses of cast 
iron used in the old 2-B machine. 

From the foregoing, one must gain the impression that the combination 
of all elements of the cleaning machine inclosed and supported by one single 
arc welded steel fabricated unit must result in a very large advance in 
construction of not only this particular cleaning machine, but advances the 
idea of improvements and economies to be gained by arc welding construction. 
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Fig. 3. Back panel dry cleaner frame. 
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Fig. 4. Front and bottom sheet, dry cleaner frame. 
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particularly where several such similar units may be combined, and where 
such combinations would not be practical by any other method of construction. 

The Nine Points of Superiority 

1, Greater Spread Between Factory Costs and Selling Price—Because 
of the company policy, we can only give the cost differences not too much 
in detail; however, it is believed that a study of the explanations, etc., corn 
tained herein, should indicate a considerable reduction in costs in favor of 
the new unit of construction. It is believed that the greater spread between 
factory cost and selling price is completely justified as far as the purchaser 
is concerned because of the improvements hereafter set forth.. The pur' 
chaser of the new unit is buying less cast iron and more engineering. 

2, More Salable—The purchaser generally has become more conscious 
of the pleasing appearance of dry cleaning machinery. It is believed that 
a comparison of the photographs, and cuts of the old and new machine 
will justify contention that the new machine is more sellable from the stanch 
point of appearance. It is more orderly in arrangement, and more compact, 
occupying somewhat less floor space with the same accessory equipment, 
such as filters, still, etc. Also, even though the space for clothes to be 
processed is about the same in the two machines, the time for a complete 
cycle of cleaning in the new machine, assuming the same quality of cleaning 
is .ibcuit ^0 percent less, or in other words for the same quality, the new 
machine has about ^0 percent more capacity per hour. This, however, is 
partly due to the fact that the new machine is provided with a filter, and 
the old machine was not provided with a filter, and it is also partly due to 
the more efficient cylinder construction in the new machine; also due to the 
much higher rate of drying obtained, and recovery of solvent fumes. This 
increased capacity naturally makes the machine more salable. 

3, Much Higher Efficiency, Particularly in Relation to Solvent Cost— 
While some of the improvements in the (v A machine which effected 
greater economy in the use of solvent are not due to the method of fabric;i' 
tinn, it is a point of considerable interest that we find a difference in solvent 
cost of 4'1 between the old and new machines. We have included in this 
paper some testimonials from customers having the new machine and 
because of the high solvent cost of the old machine, it was not practical to 
obtain any testimonials regarding solvent costs with the old machine. The 
reasons for the difference in solvent costs arc as follows: 

The particular arrangement of the still' condenser in the old machine 
provided for passage of air through the condenser during the deodorising 
operation at a time when this condenser was wet with solvent. This caused 
a large amount of solvent to he passed to the atmosphere and lost. In the 
new machine, the arrangement of the condenser is such that it is byqaassed 
during the deodorizing operation, and any solvent remaining on the coils 
is not lost during this period of operation. Again, in the old machine, the 
heater coils, and the condenser coils which were cooled by cold water, were 
mounted within the same box and adjacent to each other so that the heat 
thrown off by the heater coil had a tendency to he absorbed by the very 
heavy cast iron box surrounding the condenser and heater coils, and a great 
deal of this heat was transmitted to the condenser coil by radiation and 
convection. In the new machine, the heater coils are mounted in a small 
box just outside of the condenser chamber, and the flow of air is such that 
very little waste heat is absorbed by the condenser coils. Since, in the new 
machines, the entire cabinet, and practically the entire circuit for the passage 
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of air is within the cabinet, there is a minimum of loss through gaskets and 
other possible points of leakage. For the same reason, there is much less 
loss of heat during this cycle because of the cabinet construction. That is, 
the air is not passed from one unit through a small opening, out into another 
entire separate unit. Furthermore, since the hydro-wheel and the condenser 
unit in the old machine represented a mass of approximately 4 3 Ou-pounds, 
as against a little over 1800-pounds for the cabinet assembly of the new 
machine, there is less loss of absorbed heat. 

4, Less Health Hazard—Since, in the new machine, we have a single 
cabinet, constructed in one piece, we have reduced a number ot gaskets 
and possible points of leakage of hot solvent vapors, and because of the 
more efficient drying and deodorizing, and because the new machine is pro¬ 
vided with drying apparatus for drying the sludge from the filter be tore it 
is cleaned, there is much less hazard in this latter operation. 

Less Pattern Cost and Overhead—The 2-B machine had a large pattern 
cost of around $12,000, whereas the pattern cost on the 6-A machine 
originally was about $1,000. Naturally, the upkeep of all the patterns 
involved in the 2-B machine is considerable, and certainly did not encourage 
changes in construction even though the changes might be quite advisable. 
When we were ready to build the 6-A machine, only a few patterns for 
cast iron and steel castings were requked and these were very small, both 
in weight and size. Had we decided later to make the machine a little larger 
in some dimensions, it was only a matter of changing the drawings and 
whatever cutting patterns for the cutting torch which had been previously 
made. 

6, Less Vibration, Smoother Operation—-Naturally, when we hind all 
the separate elements of the machine into a single arc welded unit, so to 
speak, everything else being equal, we are bound to tie more mass onto 
the disturbing force which causes the vibration, and this has a tendency 
to reduce vibration. 

7, Less Shipping Weight and Floor Weight -The total shipping weight 
of the 2-B machine was approximately 8800-pounds, and the floor weight 
approximately 7800-pounds. The net weight of the complete 6-A unit, with¬ 
out soap .attachments, is given as 2780-pounds, Fig. 6. Naturally, this results 
in a reduction in the cost of shipping. It is a little hard to estimate this 
since the rates vary considerably, depending upon the distance of shipment, 
and the type of car loading, etc., but since the new machine occupies less 
space and at the same time very much less weight,, it goes without saying 
that the shipping cost would be almost proportionately less. Another very 
great factor in connection with this question of weight comes up where the 
machine is to be located, perhaps in an old building, and it is not always 
feasible to provide reinforced concrete construction, and it is not very 
practical to mount a machine which operates as a centrifugal extractor on 
lightly reinforced floor construction. Regardless of whether it is a 2-B 
machine or a 6-A, there are limitations as to where the machine may be 
located, but we find that the problem is much less critical with the 6-A 
machines because of the much reduced weight, 

8, More Reliable Operation —Naturally, since a 2-B machine consists 
of many parts bolted together, it is not likely to be as reliable in operation 
as a machine which more nearly approaches a complete welded steel unit. 
In the old machine, the hydro-wheel was made up of two end castings, 
bolted in place on the washer shell, and this wheel was again bolted in 
place on the heavy cast iron base. Also, the entire drive mechanism was 





























Fig. 8. Floor plan, dry cleaning unit 
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supported by large castings bolted together, and in turn bolted to the head 
of the hydro-wheel. In the new machine, practically everything on the 
machine is welded including the motor support bracket, and there is no 
separate base, no separate storage tank, no separate condenser unit, and we 
know by experience that there is much less difficulty with parts becoming 
loose and causing failure of operation. 

9, Less Cost of Installation—In the case of the old 2B, the hydro-wheel 
was shipped out separately, the condenser box because of its weight was 
shipped separately, the storage tank was a separate unit, and all the piping 
for air, water, steam, etc. was shipped out in separate assemblies. Therefore, 
it took a service man much longer to install the 2-B machine because of all 
the assembly work to be done on the job. While there are cases where we 
cannot ship the 6-A out complete as a unit, this generally can be done, and 
in any case, since practically all of the various assemblies are contained 
in the one cabinet, piping, air ducts, electric wiring, etc., arc all completed 
in the factory where it is much more convenient to do this work, and where 
the time required will be much less. Also, because of vibration in the 
machine, it is much better to have all the inter-connecting units assembled 
in one rigid unit rather than to have them mounted separately so that vibra¬ 
tion takes place between the separate units. Of course, the still and til ter 
in any of the units are always separate. In the general construction assembly 
of a 6-A machine, a number of small detail assemblies are mounted on the 
end plates of the cabinet. In most cases where we desire to bolt a flange 
onto the end plate, we do not find it necessary to machine a surface. Even 
after galvanising, we tind it only necessary to provide a reasonably thick 
gasket between the flange of the part to be bolted to the machine and the 
end plate of the machine. In the old 2-B machine it was necessary to do a 
great deal of machining on the heavy cast iron end plates, and this, naturally. 


increased the cost. 

Summary of Advantages to Purchasers of New 6-A Machine 

The selling price of the 2-B machine, less filter, is approximately.$5,000. 

The selling price of the 6-A machine, including filter and all acces¬ 
sories, is approximately.$5,000. 

The cost of the filter for the 2B machine is approximately.$ 700. 


The hourly capacity, or per load capacity, of the new 6-A machine is 
approximately 50 percent greater than the capacity of the 2-B machine. 

The company manufactured other larger machines of the same type as 
the 2-B, but the 6-A more nearly fills the same capacity requirements. 


Saving in Solvent Cost—Big Item 

The capacity of 2-B machine, per hour, pounds of garments. 35-pounds 

The capacity of 6-A machine, per hour, pounds of garments.......... 52-pounds 

Average solvent cost per pound™—2-B.. 2|/4$ 

Average solvent cost per pound—6-A.. l / 2 <t' 

Assuming 5 0 lbs. per hour cleaned in 66-A, solvent saving 

per load .. = 55$ 

16 loads per day-.saving. = 8*80 

300 days per year.... = $2,640. 


Of course, many machines operate 12- and 14-hours per day, which would 
increase the above figures. 

The 6-A machine has only been on the market a short time, and the 
shortage of chlorine has stopped the sale of solvent and all synthetic machines 
for the duration. 
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Our sales department has figures which indicate that there are approxi¬ 
mately 5000 synthetic cleaning machines of all types, both open and closed, 
in operation. The solvent cost on the open type machines, which comprise 
more than half of the above figure is from 2 1 /r to 4^ per pound of garments 
cleaned. If these machines were replaced with machines as efficient in the 
use of solvent as the new 6-A machine, the saving to the cleaning industry 
of solvent alone would be somewhere in the neighborhood of $10,000,000 
per year. 

The company alone has in operation 400 cleaning machines of all models 
other than the 6'A machine. When and if these machines are replaced 
by machines as efficient as the 6'A, the saving to the industry would amount 
to something like $400,000 per year. 

The above figures seem large, but thorough investigation would prove the 
above figures reasonably correct. 

Final Summary of Cost Comparison —The most noticeable cost compari¬ 
son would be between the 2-B hydro-wheel, and only those assemblies of the 
6-A unit, Which would correspond to the hydro-wheel. 

Because it will be noted that the 2-B hydro-wheel was mostly cast iron, 
very heavy, and the machining on these castings was quite considerable, 
the 6-A corresponding assembly* included very economically constructed 

steel cleaner cabinet which cost only..-$167.S9 

Item I. Estimated cost difference between 2-B hydro-wheel and 6-A 

corresponding assembly.*.....$685.00 

Note: Above can only be estimated roughly because the hydro- 
wheel of 2-B machine does not include the recovery unit 
box, whereas in the 6-A unit it is integral with cabinet, 
and the same is true of the storage tank, and the air filter 
housing. Because these units are all included in the one it 
is difficult to pull out any one of the items from the total 
cost. 

tern 2. Recovery box for complete 2-B unit of cast iron weighs 

approximately .600-pounds 

Cost less coils.$ 78.62 

Note that the entire welded 6rA dry cleaner cabinet. 

Includes: washer and extractor shell, air filter housing, 
storage tank 65-gallons, recovery condenser 
space, air ducts. 

Total weight . t ............650-pounds 

Total cost . ..$167.89 

Ve therefore estimate recovery condenser space on 6-A constitutes 
less than 100 pounds of material, and cost would not be more 
than $15 extra for that portion of cabinet which encloses con¬ 
denser. Approximate saving. 63.62 

tem 3. Painting cost on 6-A considerably less. Heavy castings on 
2-B require filling and rubbing. 6-A is sprayed and baked only. 

■ Estimated saving. 25.00 

:em 4. Other savings in constructing the entire unit arc involved, 
but are not necessarily due to welding, but figure in the total 
difference in cost between the two machines. These savings 
coyer more economical construction *of dump valves, air control 
cylinders, air dampers, air filter units, and general assembly costs 
between the units. This item, it would appear from the total 
difference in cost would be approximately........$2i 1.47 
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Summary of Cost Comparison—Continued 

Item 5. The total manufacturing difference, therefore, between the 
2'B assemblies, less still and filter, and the 6"A assemblies, less 

, ■ 1 1 i r i ’ 


still and filter ...’ .$985.09 

Item 6. Total shipping weight of 2-B machine, approx. SSOO-Tbs. 

Total shipping weight of 6-A machine 

(less steel base) approx... 3380-lbs. 


Saving .. 5420-lbs. 

Note: Average cost of shipping taken as rate from Syracuse to 

Chicago, LCL, $1.24 per hd. Average saving.$ 67.20 

Item 7. Therefore, the sales spread on 6-A machine exceeds that of 

the 2-B machine by a grand total of.$1052.29 


^ j S t ^ s P a P er k a s shown that there probably is no other 

method of building a machine such as the 6-A cleaning unit, except by the 
use of fabricated and arc welded steel, and at the same time provide the same 
savings in material and labor, and a product of equal improvement over 
prior design and construction. 
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Fire truck, streamlined. 54 

“Fireless” locomotive, arc welded con¬ 
struction of. 201 

Five separate machines, assembly of. 756 
Mat-car, 250-ton, welded design of. . 228 

Fiuoroscopc, tilting base of. 951 

Forty-millimeter anti-aircraft gun car¬ 
riage, redesigned.(2 ! 8 

Foundation, James F. Lincoln Arc 

Welding, The. xxi 

object and purpose. xxii 

why created. xxii 

Fractionating tower, vacuum, high- 

temperature .1089 

Frame assembly and tractor transmis¬ 
sion case.1022 

J'raining, steel, for residences. 4 45 

Freight cars, small truck for loading 45 
locomotive, diesel electric, arc 

welded . 181 

Furnace, blast, modern welded.1112 

oil-gas, redesign, of.1189 

Furniture, manufacturing wrought 

:_ <c i u 

plated, tubular, arc welding of 507 
Fuselage, tubular, arc welded. 178 

ge or service station, organization 

of, for arc welding.., . 601 

Gas, liquefied, storage containers.... 667 
Gas-oil furnace, redesign of., 1189 
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Gasoline engine for racing automobile 22 
Grade separation structure welded. . . 376 

Grading and hauling, low-cost. 3 

Grinding car, rail, construction of. . . 277 
Gun carriage, 40-millimeter anti-air¬ 
craft, redesigned.1248 
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Locomotive boiler, welding a.214 

“fireless,” arc welding construc¬ 
tion of. 201 

Locomotive, diesel electric freight, arc 

welded .. . 181 

Low-bed, 15-ton trailer frame. 93 

Low-cost grading and hauling. 3 
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Hangar, airplane, welded. 

Hauling and grading, low-cost. 

Heat exchangers, design and produc¬ 
tion of. 

Hidden advantages of arc welded ship 

construction . 

High-speed dirt movers. 

Holder, welded display, for printed 

matter . 

House, modern steel, and arc welding 

trailer, de luxe. 

Housings, welded, for telegraphic 

printers . 

Horizontal processing tanks, welded 
lining of. 
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678 

289 

70 

543 

449 
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531 
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Improved design of collating ma¬ 
chine .1244 

Industrial classifications of the 

$200,000 progress program.xxvi 

Industrial Progress Award Program, 

the, $200,000.xxiii 

Installations, turbine, large water. ... 783 

Iron, wrought, in furniture manu¬ 
facture . 518 
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James F. Lincoln Arc Welding Foun¬ 
dation, The. xxi 

Jaw crusher bases, welding.1003 

J. F. Lincoln, president of the Lincoln 

Electric Co. vi 

Jigs, aircraft, tubular, arc welded.. 919 
Job or commercial welding shop, de¬ 
veloping and conducting a.547 

Joint, universal, drive shafts. .. 24 

Jury of Award. xxi 


Large water turbine installations. ... 783 
• Lincoln Arc Welding Foundation, The 

James F.. . .. xxi 

Line, crude oil pipe, batching scraper 

for .1104 

steam, all arc welded.721 

straight, mass production meth¬ 
ods speed the defense pro¬ 
gram . 627 

Lining, welded, of horizontal process¬ 
ing tanks.1225 

Liquefied gas storage containers.667 

List of authors, alphabetical. xv 

Loading freight cars, small truck for 45 


Machine, automatic can-testing, arc 

welding in.1203 

check writing, special. 896 

collating, of improved design. 1244 
parts, thoughtful welding of. . 913 
production, for domed silo roof 764 
rayon processing, redesign of. 121 l 
tools, arc welded motor drives 

for . 960 

waxing, arc welding applied 

to .. 1 

Machined-finished, casting, welding of 805 
Machinery, paper making, welded 

steel in. ‘T9 

press, arc welding in.1232 

steel, fabricated rolled. 725 

Machines, cleaning improved.1277 

five separate, assembly of. .. . 756 
Magnesium aircraft structures, arc 

welding of. 132 

Main frame, redesign of, for tractor 

bullgrader .1080 

Manufacture of mowers , arc welding 

in the.1145 

Manufacturing wrought iron furniture 518 
Mass production methods, straight 

line, speed the defense program . . 627 
Matter, subject, of papers in the 
$200,000 industrial progress award 

program .xxiii 

Methods, mass production, straight 

line, speed the defense program. 627 
Milling bed for propeller blades. . . . 746 
Modern steel house and are welding 449 

Modern welded blast furnace. ..1112 

Motor drives, arc welded, l'or ma¬ 
chine tools. 9(g) 

Mounting wheel for racing automo¬ 
bile .. 62 

Mounts, engine, welding aircraft eco¬ 
nomically . Ill 

Movers, dirt, high-speed. 70 

Mowers, manufacture of, arc welding 

in the. 1145 
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Naval dry docks, welded caissons for 454 
O 

Object and purpose of the founda¬ 


tion . xxii 

Office chair, pipe-frame. 538 

Officers and trustees of foundation. . xxii 

Oil-gas furnace, redesign of. ..1189 

pipe lines, crude, batching 
scraper for............ * 1104 
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One-piece design of: farm sprayer... 116i 

Operating a plant weklcry.. . 652 

Organization ot garage or service 

station tor arc welding.601 
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Panel-making machinery, welded steel 

in .. 970 

Papers, ccrtitication oi\ for award ... xxvii 
lequ hr me ms as to submission 

ot ...xxiv 

subject matter of, in the 
industrial prog¬ 
ress award program. . .xxiii 

Parts, an plane, aix well line. <>t .. 15* 

lor ic-vri\ing-.swin hing-trans¬ 
muting unit.. 8,so 

nunhinc, thoughtful welding 

o! .'."P 

Pas’-enyer uirs, all-wedded i.ulnud, 

umic'rframcs for. 252 

I’ensttK hs, power, arc welded. b v >7 

Pipe Statue other chair. 538 

Pipe hue ., w mlc oil, hatching scraper 

for .'.1PH 

PijK*. tail, tor airplane engine, rede¬ 
sign of . 130 

Plant, refrigeration, 7ij-ton* experi¬ 
mental . ,S52 

Plate, armor, tilling table for. l >33 

welding of, for tank produc¬ 
tion .. >6 

* o-rh tan, speciai-dutv. S7() 

Plated 111 i»u!.■ t furniture, arc welding 

ot.507 

Power pemtisks, ate welded. 667 

Pref.ur . . vii 

Press mat hin^ra arc welding in. . . . 1252 
Pnmrd tnartei, welded display holder 

tor .5-13 

Printers* trlrgruphh , welded h«»us- 


ui.nhiar, ravnn, redesign 


tanks* hori/.tmtak welded 

**I.. 

and design of hear r\- 


ntachtne for domed silo 


methods, mass, straight" 
line, sjxrrd the defense program. . 
odm tu >n at armor plate* tilting 

table tor ............. ... . 

whutmn of clad steels, carbon arc 

weld mg in.... , , , , 

quantity* of cargo carriers. ,. . 
ogtam, defense* straight-line mass- 

juofhu tiosj methods* . . . .. 

Industrial Progress Award, the 

$200,000 .*. 

Industrial Progress Award, the 
$260,000, subject matter of 
in,. 
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1335 


678 
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627 

033 

1131 

305 

627 

xxiii 

xxiii 


$21)0,000 progress. Industrial 


classifications ot.xxvi 

$200,000 progress, subject divi¬ 
sions of.xxvi 

Propeller blade, aircraft. 121 

blades, milling bed for. 746 


Purpose and object of the foundation xxii 
Q 

Quantity production of cargo carriers 305 
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Racing automobile, gasoline engine for 22 

wheel mounting for. 62 

Racks, bicycle, arc welded.11 83 

Rail grinding car, construction of. . . . 277 
Railroad passenger cars, all welded, 

tmderframes for. 252 

Rails, bed, and bed springs. 526 

Ravon processing machine, redesign 

of.\ .1211 

Rccei v ing-switc h i ng -1 ra ns m i 11 i ng unit, 

parts for a. 880 

Redesign, of airplane engine tail pipe 130 
of main frame for tractor bull- 

grader .1080 

of oil-gas furnace.1186 

of rayon processing machine. .1211 
Redesigned, bottle-washer, for weld¬ 
ing .1 106 

Refrigeration plant, 7!.:-ton, experi¬ 
mental . 852 

Reij u ire me tits as to submission of 

papers .xxiv 

Residences, steel framing for. 435 

T-bcams for. 426 

Revolving cranes, welded. 815 

Rigid, cllieiendy, arc welded connec¬ 
tions . 350 

Rolled steel machinery, fabricated... 725 
Roofs, silo, domed, production ma¬ 
chine for. 764 
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Scraper, batching, for crude oil pipe 

lines.1104 

tractor combination. 3 

Sculpture, arc welded. ..490 

Separate machines, five, assembly of. . 756 

Separation structure, welded grade. . . 376 

Service station or garage, organization 

of, for arc welding. 601 

Seven and one-half ton experimental 

refrigeration plant. 852 

Shafts, drive, universal joint. . .. 24 

Ship construction, arc welded, hidden 

advantages of. .. 289 

Ships, cargo, tapered tube booms for. 847 

Shop, welding, downdraft ventilation 

for ..900 

Silo roofs, domed, production ma¬ 
chine for. .. 764 
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Small boats arc welded.32-4 

truck for loading freight cars. *45 

Special check-writing machine.896 

Special-duty steel-plate fan. 870 

Speedy welding cable connector.777 

Springs and rails, bed. 526 

Sprayer, farm, one-piece design of.. 1163 
Station, service, or garage, organiza¬ 
tion of, for arc welding. 601 

Steam line, all arc welded.721 

locomotive cylinder, fabrication 

of . 282 

Steel and concrete bridges compared. 362 
Steel bents, welded, for subways. . . . 470 

Steel framing for residences. 435 

Steel house, modern, and arc weld¬ 
ing . 449 

Steel plate fan, special-duty. 870 

Steels, clad, production of by carbon 

arc welding.1131 

Storage containers, liquefied .gas.667 

Straight line mass production meth¬ 
ods speed the defense program... 627 

Streamlined fire truck. 54 

Structure, separation, welded grade, . 376 
Structures, magnesium aircraft, arc 

welding of. 132 

Subject divisions of the $200,000 

progress program.xxvi 

Subject matter of papers in the 
$200,000 industrial progress award 

program .xxiii 

Submission of papers, requirements as 

to.xxiv 

Subways, welded steel bents for. 470 

Suspension, arc welded, for air condi¬ 
tioning system. 262 

Swing bridge, trusses for. 414 

Switching-transmitting-receiving unit, 

parts for a. 880 

Synthetic cleaning machines im¬ 
proved . 1277 

System, air conditioning, arc welded 

suspension for . 262 


T-beams for residences.426 

Table, tilting, for armor plate produc¬ 
tion ...... .933 

Tail pipe, airplane engine, redesign of 130 
Tank cars, arc welded conversion of 

tenders into.247 

production, welding of armor 

plate for. 36 

Tanks, horizontal processing, welded 

lining of.1225 

l apered tube booms, welded design 

of, for cargo ships. 847 

Telegraphic printers, welded housings 

for ...^. -531 

Temperature, high, vacuum fraction¬ 
ating tower.1089 

Tenders, arc welded conversion of, 

into tank cars. 247 

Testing machine, automatic, for cans. 1203 


The drumless boiler. .. 

The James 1*. Lincoln Arc Welding 

Foundation .. . . xxi 

The $200,000 industrial progress 

award program....x\ni 

Thoughtful welding of machine parts u 13 

Tilting fluoroscopc, base of. . . ..9S1 

Tilting table for armor plate pro¬ 
duction . T4 5 

Tools, machine, arc welded motor 

drives for. {I <>U 

Tower, vacuum fractionating, high* 

temperature .... . 1 0S*> 

Tractor bullgrader, redesign of main 

frame for..Mist) 

Trailer, de luxe house. 102 

frame, 15-ton, low-bed. ‘ 1 4 

Transmission case, tractor, and lramr 

assembly . I<>V 

Transmitting-receiving-switc hi ng unit, 

parts for a. HSU 

Truck, fire, streamlined. r >4 

small, for loading freight cars. ... 45 

Trusses for swing bridge. 414 

Trustees and officers of foundation. . xxii 

Tube booms, tapered, welded design 

of, for cargo ships. 847 

Tubular aircraft jigs, arc welded . . . . 
furniture, plated, arc welding 

of .*. 50- 

fuselage, arc welded. 178 

Turbine installations, large water. . . . 78 4 

Two-hundred-fifty-ton Hat cars, welded 

design of. 77S 


U 

Underframes for all-welded railroad 

passenger cars. 

Unit, recei vi ng -switch ing-t raj 

parts for a. 

Universal joint drive shafts. 

V 

Vacuum, high-temperature, fractional' 

ing tower.. 

Ventilation, downdraft, for welding 
shop. . 
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Water turbine installations, large. ... 78 4, 

wheel, center casing.. . 718 

Waxing machine, arc wedding applied 

to... 

Welded airplane hangar.. 

Welded blast furnace.. 1 112 

caissons for naval dry docks. . 
construction of "tireless” loco¬ 
motive .. 


constructions, efficiently rigid. 
conversion of tenders into tank 

cars.. 

design of tajrcred tube !»««urn 
for cargo ships. ...... 
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Welding aiivr.il i engine mounts cco- 

numicalfy. Ill 

Welding airplane boilers. 148 

Welding airplane parts. 159 

Welding and iiKulmi steel houses. . . 446 

Welding applied to waxing machine. 1015 

Welding bottle-washer .116(5 

Welding- Foundation, James V. Tun- 

uiln Arc, The. xxi 

Welding in automatic can-tcsring ma¬ 
chine . '..... 1204 

Welding in 1ms construction. 27 

Wedding in garage or service station. 601 

Welding in press machinery.1232 

W riding in production of clad steels. 1131 
Wedding in the manufacture of 

ill* *\\ el s .. 1115 

Welding jaw crusher bast's.1003 

Weld mg magnesium aircraft struc- 

I'.nr, 152 

W.ddmg «>t armor plate lor tank pro- 

i ha t a »ii 36 

Welding. <»t imished-machined casting .804 

Welding '*1 machine parts. 013 

\S I'Mui-; ot plated tubular furniture. 507 


W.ddmg shop, downdraft ventilation 

:■*! . 600 

W!if:' 1 mounting for rasing automo¬ 


bile . 62 

WU*. fito [ouudation was created . . . . xxii 
Wjgnn*. machine tor checks. 866 


W: .ughr iion furniture manufacturing 51 8 





















